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PREFACE. 


It  niay  be  easily  perceived  by  the  title  of 
this  work,  that  it  is  not  offered  to  the  public 

^  as  a  finished  piece  on  the  subject.     To  treat 

of  the  theory  and  practice  of  electricity  in 

jr  the  fiillest  manner^  would  require  a  larger 

I,         treatise,  and  employ  more  time  tlian  I  can 

I  devote  to  a  work  of  this  kind. 


The  science  of  'electricity  is  now  gene- 
rally acknowledged  to  be  useful  and  im- 
portant; and  there  is  great  reason  to  think, 
that  at  a  future  period  it  will  be  looked  up 
to,  as  the  source  from  whence  the  principles 
and  properties  of  natural  philosophy  must 
be  derived.  Its  utility  to  man  will  not  be 
inferior  to  its  dignity  as  a  science. '  :    . 


\ 


I  have  not  attempted  to  trace  electricity 
from  its  first  rude  beginnings,  or  to  follow 
the  mind  of. man  in  itsivarious  and  icregular 
wanderings,  in  search  o£tlie  laws  by  which 
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IV  PREFACE. 

it  acts  and'  the  source  from  whence  it  is  de- 
rived,  as  this  has  been  so  well  executed  by 
Dr.  Priestley.  Our  view  of  things  is  so 
circumscribed,  and  the  mysteries  of  nature 
so  profound,  that  it  is  not  easy  for  us  tQ 
determine,  whether  the  received  theory  is 
founded  on  the  basis  of  truth  and  conform- 
able to  nature,  or  whether  we  shall  be  con- 
sidered by  future  philosophers  as  mere 
children,  amused  and  satisfied  with  imper- 
fect opinions  and  ill*digeated  theories. 
When  a.  variety  of  things  are  mixed  toge- 
ther, which  have  little  or  no  conhexion, 
they  naturally  create  confusion.  It  has^ 
befen  my  endeavour  in  the  following  Essay 
to  collect  and  arrange  in  a  methodical  and 
concise  manner  the  essential  parts  of  elec- 
tricity, by  these  means  to  render  its  appli- 
cation easy,  pleasant,  and  obvious  to  the 
young  practitioner;  and,  by  bringing  toge- 
ther experiments  of  the  same  kind,  make 
them  mutually  illustrate  each  other,  and 
thus  point  out  the  strength  nr  discover  the 
^v  eakness  of  the  theories  that  have  been 
deduced  from  them.  Though  the  nature 
and  coniined  limits  of  my  plan  did  not  ad- 
mit of  much  variety  of  observation,  or  a 
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formal  etiiimeratidii  of  evtery  particuiar,  yet 
few  things,  I  hope^  of  use  and  in^MHrtance 
hav«  been  omitted. 

As  I  do  not  wish  to  incur  the  imputatioa 
of  plagiarism,  I  with  pleasure  ackrtowledge 
the  assistance  I  have  received  from  the  dif- 
ferent authors  who  have  written  on  this 
subject.  I  have  used  an  unreserved  free- 
dom in  selecting  from  their  works  whatever 
I  found  to  answer  my  purpose. 

The  various  interruptions  and  avocations, 
from  which,  as  a  tradesman,  I  cannot  be 
exempt,  will,  I  hppe,  induce  the  reader  to 
make  some  favourable  allowances  for  any 
errors  which  he  may  discover,  and  kindly 
cqrrect  them  fpr  himself. 

I 

Being  encouraged  by  the  very  rapid  sale 
of  the  former  editions  of  this  work,  to  offer 
another  to  the  public,  I  have  endeavoured 
to  render  it  more  perfect  by  such  additions 
and  alterations  as  either  occurred  to  my 
own  mind,  or  were  suggested  to  me  by 
others.     The  reader  will  find  most  of  the 
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chapters  either  enlarged  by  the  addition  of 
new  matter>  or  improved  by  a  different 
arrangement  of  the  old;  more  particularly, 
the  chapters  on  medical  electricity  and  tl^e 
Lcyden  jan 
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ADVERTISEMENT, 

BY 

THE  EDITOR. 

1  HE  Editor  thinks  it  proper  to  acquaint  the  Reader^ 
that  in  his  revision  of  this  work^  he  has  been  careful  to 
correct  the  referential  and  other  errors  contained  in  it;  of 
the  former  of  which  he  found  too  many  instances.  He 
has  given  more  explicit  descriptions  of  such  apparatus  as 
were  either  imperfectly  explained^  or  not  properly  referred 
to  by  the  late  Author,  Several  additional  figures  have 
been  inserted  in  the  plates;  and^  by  way  of  text  and  occa- 
sional notes^  some  new  and  useful  articles  have  been 
printed^  unnoticed  in  the  preceding  impression;  an  Index 
has  also  been  annexed.  In  the  Addenda,  a  short  account 
is  given  of  the  remarkable  discoveries  and  experiments  on 
aniniial  electricity.  The  considerable  number  of  experi- 
ments described  in  this  work  has  been,  perhaps,  its  chief 
recommendation;  and  the  Elditor  conceives  it  proper  to 
advise  any  beginner  in  the  science,  not  at  first  provided 
with  an  electrical  machine  and  apparatus,  to  furnish  him- 
self with  a  glass  tube,  a  stick  of  sealing-wax,  and  a  pair 
or  two  of  pith  balls  fixed  to  linen  threads  for  suspension 
on  glass  stands,  in  order  to  exemplify  the  fundamental 
and  general  properties  of  the  science.  The  Editor  hopes 
that  the  corrections  and  augmentations  made  to  this  Fifth 
Edition,  will  again  render  the  work  deserving  of  the  fa- 
vourable reception  it  has  hitherto  met  with, 
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CHAP.    L 

CONTAINING  A  SUMMARY  VIEW  OP  tH^  OS- 
NERAL  PRINCIPLES  OF  ELECTRICITY,  OR 
A  SERIES  OP  INTRODUCTORY  PROPOSITIONS 
AND  EXPERIMENTS. 


OF  ELECTRICITY,   OR  ELECTlflCS  AND 

NON-ELECTRICS, 

There  is  a  natural  agent  or  power,  generally 
called  the  electric  fluid,  which  by  friction,  or  other 
means,  is  excited  or  brought  into  Action. 

This  action  is  manifest  to  our  senses  by  what 
are  termed  electric  appearances. 
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These  appearances  are;  the  attraction  and  re* 
pulsion  of  light  bodies;  pencils  of  light  darting 
from  the  electrified  body,  attended  with  a  snap- 
ping noise,  and  sometimes  fiery  sparks^  on  the 
approach  of  certain  substances. 

Experiment  i.  Take  a  dry  glass  tube,  of 
about  an  inch  and  an  half  in  diameter,  and  about 
three  feet  long;  rub  this  tube  from  one  end  to  the 
other  with  the  hand,  or  a  piece  of  dry  warm  silk, 
and  it  will  exhibit  electric  appearances,  or  be  ex- 
cited. The  power  thus  brought  into  action  will 
attract  and  then  repel  small  light  bodies,  such  as  a 
feather,  threads,  &c.  Small  pencils  of  light  will 
also  dart  from  the  tube  in  a  beautiful  manner, 
attended  with  a  crackling  noise,  if  the  finger,  or 
any  metallic  substance,  is  brought  near  the  tube. 
In  a  darkened  room  this  experiment  will  appear 
to  more  advan  tage. 

Experiment  ii.  Put  your  glass  cylinder  of 
the  electrical  machine-  in  good  order,  by  the  rules 
laid  down  in  Chap,  iii.*  Then  turn  the  cylinder, 
and  all  the  foremen  tioned  appearances  may  be 
observed;  but,  as  the  action  of  the  cylinder  is 
stronger  than  that  of  the  tube,  the  effects  will  be 

*  P/jA?  1,  Fig.  8,  rcprcscnU  a  cylinder  electrical  machine 
and  prime  coaductor.  G  H,  the  glass  cylinder?  O  P,  the  glass 
insulating  pillar  to  the  rubber  and  silk,  g,  h,  above;  and  Y  Z, 
the  conductor  with  its  collecting  points,  supported  by  a  glass 
pillar.     Edit. 
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tnore  visible  in  the  formei*.  In  these  two  ex  peri- 
jnents,  the  friction  of  the  rubber  against  the  tube 
or  cylinder  will  bring  into  action,  and  render  sen-  * 
•ible  an  agent  of  a  curious  and  surprizing  nature, 
which  before  was  apparently  dormant  and  invisible 
to  us. 

With  respect  to  the  electric  matter,  all  sub- 
stances are  by  electricians  divided  into  two  classes, 
electrics  or  non-electrics. 

Electrics  do  not  suffer  the  electric  matter  to  pass 
readily  over  their  surfaces;  hence  they  arc  also 
called  nou'^conductors, 

Non- electrics  permit  the  electric  matter  to  pasB 
ireadily  over  their  surfaces ;  from  whence  they  are 
termed  conductors. 

Experiment  hi.  A  metallic  cylinder  being 
fixed  upon  a  glass  support,  and  placed  near  the 
electric  machine^  will  receive  the  electric  fluid  from 
the  glass  cylinder,  which  will  diffuse  itself  over  the 
whole  surface  of  the  metallic  cylinder.  It  does 
not,  however,  readily  pass  over  the  glass  support, 
but  is  detained  by  it  on  the  metallic  cylinder, 
from  whence  it  may  be  conveyed  by  any  metallic 
substance. 

A  metaHic  cylinder  supported  by  glass,  an4 
furnished  with  sharp-pointed  wires  to  collect  the 
electricity  from  the  glass  cylinder,  is  called  the 
prime  conductor.  It  is  said  to  be  insidated  by  lh« 
glass  support,  because  this  obstructs  the  pasj&agc^^ 
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or  cuts  off  the  communication  of  the  electric  fluid, 
with  the  earth.     All  conducting  substances  sup-, 
ported  on  pillars  of  glass,  or  other  electric  sub- 
stance, are  therefore  in  a  state  oiimulation. 

This  experiment  will  serve  to  gjve  a  general  idea 
of  the  foundation  of  the  division  of  all  substances 
into  electrics  and  non-elec)trics ;  but,  as  it  is  a 
distinction  which  runs  through  the  whole  business 
of  electricity,  we  shall  endeavour  to  elucidate  it 
further,  by  entering  more  fully  into  the  properties 
by  which  these  substances  are  distinguished. 

Electrics,  or  non-conductors,  may  have  any  part, 
of  their  surface  rendered  electrical  by  friction, 
without  diffusing  the  same  kind  of  electricity  to 
any  other  part  of  their  substance. 

Non-electrics,  or  conductors,  cannot  be  ren- 
dered electrical  by  friction ;  and,  when  electrified 
by  any  other  means,  the  electricity  is  diffused  over 
the  whole  of  their  surface,  and  every  part  thereof 
exhibits  the  same  kind  of  electricity. 

The  partial  distribution  of  the  electric  fluid  on 
non-conductors  is  easily  shewn,  by  only  exciting 
one  part  of  a  glass  plane',  or  a  glass  tube. 

The  cqiial  diffusion  of  this  fluid  is  seen  by  the 
prime  conductor  when  electrified. 

A  conductor  electrified  by  communication, 
parts  with  the  whole  of  its  electricity  at  once  to 
^ny  conducting  siibatance,  (that  communicates 
>vitli  tlie  earth,)  when  brought  in  contact  with  it; 
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or  a  conductor  cannot  be  electrified  while  it  com- 
municates with  the  earth,  because  all  the  electri- 
city is  carried  off  by  the  communication.  Whereas 
under  the  same  circumstances  an  excited  electric 
loses  its  electricity  only  in  those  parts  which  are 
near  the  conducting  substance^  or  to  which  it  is 
applied. 

Experiment  iv.  To  illustrate  this  position, 
bring  any  conducting  substance  that  communicates 
with  the  earth  in  contact  with  the  prime  conductor, 
and  it  will  immediately  deprive  it  of  a]]  the  elec- 
tricity it  had  acquired;  but,  if  the  same  conduct- 
ing substance  is  brought  near  the  excited  glass 
cylinder,  it  will  only  take  off  a  portion  of  the 
electric  matter  from  thai  part  to  which  it  id  ap- 
plied. 

Some  conducting  substances  are  more  perfect 
than  others. 

Experiment  v.  The  electric  fluid  will  pass 
more  readily  over  a  metal  rod,  than  one  of  wood. 

Among  conductors,  metals  are  the  most  perfect  $ 
sealing-wax,  rosin,  and  glass,  are  amongst  the 
best  noii*conductors.  A  list  of  conducting  sub- 
stances will  be  hereafter  given. 

The  electric  fluid  may  be  excited  by  friction, 
by  heating  and  cooling. 

Experiment  vi.  In  working  the  electrical 
machine^  this  fluid  is  excited  by  friction.    The 
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Tourmalin  stone  is  excited  by  increasing  or  dimi* 

nishing  its  heat. 

OP     EXCITATION,     AND     OP     THE     CONTRARY 

» 

STATES  OP  THE  ELECTRIC  FLUID. 

The  excitation  produced  by  rubbing  of  elcctrici 
against  each  other,  is  very  small. 

Experiment  vii.  Rub  two  pieces  of  glass 
or  sealing-wax  together,  and  only  a  small  degree 
of  electricity  will  be  obtained. 

It  is,  therefore,  necessary  that  the  rubber  should 
be  a  conducting  substance,  and  that  it  should  not 
be  insulated. 

Only  a  small   quantity  of  electricity  can  be 
produced,  when  the  rubber  and  conductor  of  an 
'  electrical  machine  are  both  insulated. 

Experiment  viii.  Take  off  the  chain,  which 
is  generally  suspended  from  the  cushion  of  the  rub- 
ber of  a  machine;  turn  the  cylinder,  and  you  will 
find  less  electricity  than  when  the  cushion  or  rub- 
ber communicated,  by  the  chain,  with  the  earth. 

If  the  r'ubber  of  an  electrical  machine  be  insu-p 
lated,  and  the  conductor  uninsulated,  or  made  to 
communicate  with  the  earth,  by  hanging  a  chain 
from  it;  on  turning  the  cylinder,  the  rubber  will 
be  strongly  electrified,  and  will  attract  and  repel 
light  bodies,  and  exhibit  the  same  general  appear* 
ances  as  the  prime  conductor. 
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EJci^EtuMENT  IX.  Connect  an  insulated  con- 
ductor with  the  rubber,  place  another  before  the 
cylinder,  and  both  will  be  electrified. 

The  conductor,  which  is  electrified  by  the  cy- 
linder,, will  attract  those  bodies  which  are  repelled 
by  the  conductor  that  is  connected  with  the  cush- 
ion, and  *vlce  versa. 

if  these  conductors  are  brought  near  each  other, 
ttrong  sparks  will  pass  between  them. 

If  they  be  brought  into  contact,  or  if  they  are 
connected  together  by  a  chain,  the  electricity  of 
one  will  destroy  that  of  the  other;  aud  though  the 
fluid  may  be  seen  to  circulate  round  the  cylinder, 
yet  the  two  conductors,  when  thus  conjoined,  will 
-exhibit  few  or  no  signs  of  electricity. 

Prom  these  experiments  it  may  be  inferred,  that 
there  are  two  powers  kl  electricity,  the  one  termed 
fositive  eJectrichy,  the  other  negative  ehciriciiyi 
that  these  powers  may  be  rendered  evident  to  the 
senses  when  they  are  separated;  and  that  they 
counteract  each  other  when  united,  the  one  de- 
stroying the  effects  of  the  other. 

To  render  this  position  more  clear,  we  shall  re- 
consider the  foregoing  experiments  on  the  two 
conductors,  comparing  them  with  similar  experi- 
jnents  on  two  conductors  electrified  with  the  same 
power.  Electrify  two  conductors  equally,  by 
placing  thcni  before  the  cylinder,  that  is,  electrify 
both  positively,    and  the  following  observations 
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may  be  made :  l  •  That  what  is  attracted  or  re- 
pelled by  the  one^  is  also  attracted  and  repelled  by 
the  other;  whereas,  in  the  foregoing  instance, 
what  the  one  attracted,  the  other  repelled.  2.  That 
no  sparks  will  pass  between  two  conductors  equally 
electrified  with  the  same  power,  though  they  will 
pass  continually  between  two  electrified  with  dif- 
ferent powers.  3.  Connect  the  two  conductors 
that  are  before  the  cylinder,  and  sparks  may  be 
taken  from  them>  which  cannot  be  done  from  the 
others  when  they  are  united. 

The  conductor  connected  with  the  cushion  is 
said  to  be  negatively  electrified. 

The  conductor  placed  before  the  glass  cylinder 
is  said  to  be  positively  electrified.* 

These  experiments,  if  the  rubber  be  insulated^ 
may  be  easily  exhibited  by  one  conductor,  by 
means  of  the  two  directors  with  glass  handles, 

*  Hence  every  electrical  machine^  with  an  insulated  rubber, 
may  be  consi4ered  as  acting  in  a  three-fold  manner. 

1 .  As  a  machine  producing  negative  electricity ;  by  connecting 
the  prime  conductor  to  the  earth  by  a  chain^  and  taking  the 
fluid  from  the  cushion  or  rubber. 

2.  As  a  machine  producing  positive  electricity ^  To  eflfcct  thii, 
make  the  rubber  communicate  with  the  ground  by  a  chain,  and 
take  the  fluid  from  the  conductor. 

I  > 

3.  As  communicating  the  action  o{  both  powers  at  once. .  In 
this  case^  the  rubber  and  conductor  must  both  be  insulated,  an^ 
the  substance  to  be  electrified  placed  between  two  directors  co|^- 
jiected  with  them, 
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that  are  described  iti  the  chapter  on  medical  elec- 
tricity. Take  off  the  chain  from  the  cushion,  and 
connect  a  director  with  it  by  a  wire  or  chain^  'and 
connect  another  director  with  the  prime  conduc- 
tor; tuxn  the  cylinder,  and  on  bringing  the  di- 
rectors near  to  each  other,  sparks  will  pass  from 
the  one  to  the  other;  the  one  will  also  attract 
what  the  other  repels,  and,  when  brought  into 
contact,  neither  of  them  will  exhibit  any  signs  of 
electricity. 

The  electricity  produced  by  the  excitation  of 
glass  is  called  positive  electricity,  by  some  writers 
vitreous. 

The  electricity  produced  by  the  excitation  of 
sealing-wax,  or  rosin,  is  called  negative,  and  by 
IK)me  writers  resinous. 


OF  ELECTRICAL  ATTRACTION  AND 

REPULSION. 

If  two  bodies  be  electrified,  both  positively  or 
both  negatively,  they  repel  each  other. 

If  one  be  electrified  positively^  the  other  nega- 
tively, they  attract  each  other. 

A  body  not  at  all  electrified  will  be  attracted  by 
those  which  are  electrified,  either  negatively  or 
positively. 

Experiment  x.  Electrify  a  pair  of  insulated 
pith  balls  positively,  and  they  will  repel  each  other. 
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ExPE&iME^t  XI.  Electrify  a  pair  of  insulated 
pith  balls  negatively,  and  they  will  repel  each 
other.     See  plate  2,  fg\  24,  25,  26,  27-   ^ 

Experiment  xii.  A  pair  of  insulated  pith 
balls  electrified  positively,  will  attract  a  pair  that 
are  electrified  negatively. 

Experiment  xiii.  A  pair  of  insulated  pith 
balls,  electrified  negatively,  are  attracted  by  ex- 
cited glass,  and  repelled  by  excited  wax;  and  thfe 
contrary:  for,  if  the  balls  are  electrified  positively, 
they  will  be  repelled  by  excited  glass>  and  at- 
tracted by  excited  wax. 

Experiment  xiv.  A  pair  of  insulated  balls, 
in  their  natural  state,  are  attracted  both  by  ex-^ 
cited  glass  and  excited  wax. 

The  repulsion  of  balls  electrified  positively  is 
destroyed  by  the  application  of  an  equal  degree  of 
negative  electricity. 

Experiment  xv.  Electrify  two  pair  of  in- 
sulated pith  balls  equally,  but  one  with  positive 
electricity,  the  other  with  negative;  bring  the  cy- 
linders, by  which  the  balls  are  suspended,  in 
contact,  and  the  balls  will  immediately  clos6; 

Experiment  xvi.  Electrify  two  pair  of  in- 
sulated pith  balls  equally  with  positive  electricity, 
bring  the  cylinders  by  which  they  are  suspended 
in  contact,  the  balls. will  remain  unaltered. 

From  these  experiments  it  may  be  inferred,  that 
in  the. natural  state  of  electricity  the  two  powcrij 


•re  always  united;. that  they  only  become  visible 
by  their  sepamtion,  and  th^t  when  separated,  they 
manifest  themselves  by  those  appearances  which 
we  term  electrical.  It  is  highly  probable^  that 
the  general  phenomena  of  nature  are  carried  on 
by  these  powers  when  united,  and  the  more  parti- 
cular phenomena,  or  discordant  notes  in  the  great 
fystem  of  the  universe,  are  occasioned  by  the 
4bction  of  these  powers  when  separated,  and  their 
constant  tendency  to  unite.  Be  this  as  it  may, 
the  foregoing  positions  will  be  found  to  illustrate 
all  the  experiments  on  electric  attraction,  from 
which  we  have  selected  the  following,  as  some  of 
the  most  pleasing. 

ExPERiMEKT  xvir.  Light  feathers,  hair,  &cl 
connected  with  the  conductor,  are,  when  electri- 
fied, attracted  by  any  non-electric  body. 

ExpBRiMBNf  XVIII.  The  hair  of  any  person 
Chat  is  electrified  becomes  repellent. 

Experiment  xix.  Downy  feathers,  small 
pieces  of  leaf  gold^  paper  images,  and  other  light 
bodies,*  brought  near  the  conductor,  are  first  at- 
tracted and  then  repelled. 

Experiment  xx.  The  two  outside  bells, 
flats  2,  Jig.  17,  communicate  by  a  chain  with  the 
conductor;  the  middle  bell  and  the  two  clappers 
are  suspended  by  silken .  strings,  which  are.  non- 
conductors. The  electric  fluid  passes  {\rom  the 
^conductor  to/th^  outside  bells^.thtme  attnact  the 
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clappers  and  impart  electricity  to  them,  which  ibcj. 
in  their  turn  communicate  to  the  middle  bell^  from 
whence  it  is  conveyed  by  a  brass  chain,  X^  ta  the 
earth.  The  clappers,  in  receiving  and  communi- 
cating the  iluid^  are  alternately  attracted  and  re-- 
pclled. 

Those  substances  that  are  brought  within  the 
influence  of  electrified  bodies^  become  possessed 
of  a  contrary  electricity;  or,,  bodies  which  are  im- 
.  merged  in  an  electric  atnK)sphere  always  become 
possessed  of  an  electricity  contrary  to  that  of  the 
body  in  whose  atmosphere  they  are  immerged. 

Experiment  xxi.  Bring  a  conductor  witb^ 
out  pointed  wires  near  to  the  glass  cylinder^  whilst 
the  machine  is  working.  If  the  conductor  be  not 
insulated,  it  will  be  negatively  electrified,  till  it  is 
brought  so  near  as  to  receive  sparks  from  the  cy- 
Jinder.  If  the  conductor  be  insulated^  it  will  in 
the  same  situation  be  electrified  negatively,  in  the 
parts  nearest  the  glass  cylinder,  and  positively,  in 
the  parts  more  remote ;  as  may  be  seen  by  bring-^ 
ing  a  glass  tube,  which  is  positively  electrified^ 
near  a  ball  which  is  suspended  from  the  conductor* 

OF  ELECTRIFIED  POINTS. 

'  The  electric  fluid  appears  as  a  diverging  stream 
darting'  forwards  into  the  air  from  a  pointed  bodj 
positively  electrified.  •  It  appears  as  a  little  globular 
star  on. a  point  negatively  electrified. 
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Experiment  xxii.  These  appearances  are  to 
be  observed  in  a  dark  room  on  the  extremity  of  a 
pointed  wire^  fixed  upon  a  conductor  positively. or 
negatively  electrified;  or  on  a  wire  held  in  the 
hand,  and  presented  to  a  positively  or  n^atively 
electrified  conductor. 

Experiment  xxiii.  These  phenomena  are 
beautifully  exhibited  by  the  luminous  conductor, 
plate  4j  fg,  6 1  and  62. 

A  current  of  air  Is  occasioned  from  an  electri- 
fied point. 

Experiment  xxiv.  Place  a  pointed  wire  in 
the  conductor,  and  hold  the  hand  over  it  when 
the  machine  is  in  action,  a  very  sensible  wind  will 
be  felt  by  the  hand. 

Experiment  xx  v*  Stick  several  pieces  of  pa* 
per  or  card  like  vanes  in  a  cork,  through  the  center 
of  which  a  needle  or  sted  pin  passes;  suspend  thc' 
whole  by  a  magnet;  present  one  of  the  vanes  to  a 
pointed  wire  inserted  in  the  conductor,  and  they 
will  be  put  in  motion  by  the  current  occasioned  by 
the  point,  and.  will  turn  with  rapidity. 

A  pointed  wire  placed  on,  or  brought  near  to 
an  electrified  conductor,  gradually  and  silently 
dissipates  the  electric  fluid. 

It  is  to  be  observed  here,  that  if  the  point  be 
brought  within  certain  limits,  it  will  not  discharge 
the  conductor  in  the  manner  expressed  in  the 
foregoing  position,  but  by  a  succession  of  small 
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explosions  very  quickly  following  each  other,  whkrfl 
leads  to  the  following  position. 
'  If  an  electrified  *  point  be  situated  in  such  cir-* 
ciunstances  as  to  cause  the  fluid  to  accumulate  on 
the  conductor;  or,  in  other  words,  if  it  be  so^ 
situated,  that  the  power  of  the  same  name  with 
that  of  the  conductor  cannot  be  readily  discharged 
from  it,  it  will  then  receive  the  electricity  froq) 
the  conductor  in  the  form  of  a  strong  spark. 

Experiment,  xxvi*  Place  a  pointed  wire  on 
the  end  of  a  spiral  tube,  plaU  3,  Jig*  31,  and  it 
will  take  a  spark. 


OP  THE  LEYDEK  PHIAL. 

A  glass  jar  or  phial  coated  on  both  sides,  except 
about  two  inches  from  the  top,  with  tin-foil,  or 
any  other  conducting  substance,  is  called  the 
Leyden  jar  or  phial.     See  plate  3,  fig.  42. 

If  one  side  of  this  jar  is  electrified,  while  the 
other  side  communicates  with  the  earth,  it  is  said 
to  be  charged. 

If  a  communication  is  formed  from  one  side  ot 
the  jar  to  the  other,  by  a  conducting  substance, 
after  it  has  been  charged,  an  explosion  will  be 
heard,  and  the  jar  is  said  to  be  discharged. 
y  A  Leyden  phial  cannot  be  charged  when  it  is 
insulated;  that  is,  when  neither  side  communi- 
cates with  the  earth. 
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As  the  apparatus  represented  at  fiJate  2^  fig.  A% 
is  the  most  ready,  and  best  adapted  for  illustrating 
the  phenomena  of  the  L^yden  phial,  we  shall  con-* 
fine  ourselves  principally  to  tt  in  this  paf  t  of  tha 
pr^ent  Summary. 

Experiment  xxvii.  Screw  the  phial  with  tho 
belt  on  its  insulated  stand,  as  at  F,  flate  3,  fig.  48 ; 
bring  the  coating  in  contact  with  the  condactWi 
tur-n  the  machine  slowly,  and,  after  a  few  turns,  re* 
move  the  phial  from  the  conductor ^  then  form  a 
communication  between  the  outside  and  the  insido 
pf  the  phial,  by  placing  one  end  of  the  discharging 
rod  first  upon  the'coating,  and  then  bringing  the 
other  end  of  the  rod  to  the  brass  ball  of  the  botde; 
(here  will  be  no  explosion,  the  bottle  not  being 
^liarged,  because  both  sides  were  insulated. 

Experiment  xx  viii.  Hang  a  chain  from  the 
brass  ball  of  the  phial  to  the  tabloy  then  bring  the 
coating  in  contact  with  the  conductor,  and,  after 
a  few  turns  of  the  machine^  remove  the  phial  as 
before;  then  apply  the  discl^arger,  an  explosion 
will  be  heard,  and  the  bottle  will  be  discharged ; 
for,  in  this  case,  the  insulation  of  the  inside  is 
destroyed  by  the  chain,  and  the  phial  becomes 
capable  of  receiving  a  charge. 

As  much  of  the  electrical  fluid  is  thrown  off 
from  one  side  of  a  jar  when  charging,  as  is  com* 
municated  to  the  other. 


I  / 
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Experiment  xxrx.  Place  the  coating  of  (he 
]qt,  plate  Zy  Jig.  ASy  in  contact  with  the  conductor, 
and  the  knob  of  another  equal  sized  Jar,  as  I, 
fig'  49,  in  contact  with  the  knob  of  the  first; 
turn  the  machine  a  few  times,  then  remove  the 
jars  from  each  other,  and  from  the  conductor; 
apply  a  discharger,  as  before  directed,  first  to  the 
one,  then  to  the  other,  and  you  will  find  them 
both  equally  charged}  the  inside  of  the  second 
phial  having  received  from  the  inside  of  the  first 
as  much  of  the  fluid  as  the  outside  thereof  re- 
ceived from  the  machine. 

When  a  Lcyden  phial  is  charged,  the  two  sides 
thereof  are  in  contrary  states;  that  is,  the  one  is 
positively,  the  other  negatively  electrified. 

Experiment  xxx.  Charge  the  jar,  Jig.  48> 
by  bringing  the  coating  in  contact  with  the  con- 
ductor, and  letting  a  chain  fall  from  the  ball  to  the 
table.  When  it  is  charged,  remove  the  jar  from 
the  conductor,  and  the  chain  from  the  knob. 
The  coating  of  the  jar  will  electrify  a  pair  of  insu- 
lated pith  balls  positively,  and  the  knob  will  elec- 
trify a  pair  negatively;  evincing  that  the  inside, 
and  outside  of  the  jar  are  in  contrary  states. 

Reverse  the  foregoing  experiment,  by  bringing 
the  knob  of  the  jar  in  contact  with  the  conductor, 
and  letting  a  chain  fall  from  the  outside  coating 
to  the  table;   charge  the  jar,  and  remove  the 


chain,  the  coating  will  now  electrify  the  insulated 
^ith  balls  negatively^  and  the  knob  will  electrify 
them  positively^ 

Experiment  xxxi.  Charge  the  jar,  plates^ 
fig.  48>  positively;  connect  a  director  with  the 
chain  from  the  coating,  and  bring  the  ball  of  the 
director  towards  the  knob  of  the  jar;  a  cork  ball 
or  an  artificial  spider,  suspended  by  a  silk  string, 
ivill  play  between  the  two  balls  till  the  bottle  is 
discharged,  carrying  the  fluid  from  one  to  the 
otber^  till  it  has  restored  the  equilibrium. 

A  jar  is  said  to  be  positively  electrified,  when 
the  inside  receives  the  fluid  from  the  conductor, 
and  the  outside  is  connected  with  the  earth. 

It  is  said  to  be  negatively  electrified,  when  the 
outside  receives  the  fluid  from  the  conductor,  and 
the  inside  cx>mmunicates  with  the  earths 

It  is  necessary  that  a  jar  charging  negativeily 
should  be  insulated^  because  the  fluid  is,  in  the 
first  instance,  conveyed  to  the  coating,  and  would, 
if  uninsulated,  be  immediately  carried  to  the  earth. 

The  contrary  states  of  the  Leyden  phial  may 
be  shewn  by  the  charge  and  discharge  thiereof. 

Experiment  xxxii.  Take  two  jars  of  the 
same  size,  as  H  and  I^  plate  Z^fig.  49 ;  charge  both 
positively,  and  connect  the  coatings  of  each,  as  in 
fig.  43 ;  bring  the  two  knobs  together,  and  no 
explosion  will  take  place,  and  the  jars  will  not  h6 
discharged;  because  the  inside  and  outside  of  ea^h 
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jar  is  in  the  same  state,  or  endued  with  a  power 
of  the  same  kind^  and  have  therefore  no  tendency 
to  unite.  The  same  happens  if  both  are  charged 
negatively. 

Experiment  xxxiii.  Charge  one  jar  posi* 
tively,  the  other  negatively;  then,  on  bringing  the 
knobs  together,  as  before,  an  explosion  will  take 
[dace,  and  both  jars  will  be  discharged;  in  this 
the  powers  on  the  inside  and  outside  of  each  jar 
were  of  different  kinds,  with  a  strong  tendency  ta 
unite. 

In  the  foregoing  experiments  it  will  be  found 
very  convenient  for  the  discharge  of  the  jars,  to 
screw  the  wires,  K  or  L,  fig^  49,  into  the  bole  at 
the  top  of  the  insulating  pillar;  as  the  coating  of  the 
moveable  jar  may  be  placed  on  this  wire,  and  its 
knob  be  easily  brought  to  touch  the  insulated  jar. 

The  contrary  states  of  the  sides  of  a  Leyden 
phial  may  be  exhibited  by  the  appearance  of  the 
electric  light,  or  pointed  wires  connected  with  the 
coating  or  balls  of  the  bottle;  and  also  by  the  dif- 
ferent aj^pearance  thereof  in  vacuo.  But  for  these 
we  shall  refer  the  reader  to  the  following  Essay^ 
as  the  foregoing  experiments  are  sufficient  to 
prove  the  fact. 

The  charge  of  a  coated  jar  resides  in  the  glass, 
and  not  in  the  coating. 

Experiment  :$xxiy.  Let  a  plate  of  glass  be 
placed  between  two  metallic  plates,   about  two 
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incties  in  diameter^  smaller  than  the  plate  of  glass ; 
ph^rge  ttie  plate  of  glass^  and  then  remove  the  up- 
})0r  metallic  plate  by  ^n.  insulated  handle;  take  up 
t|)e  gla3s  pldte>  $nd  place  it  between  Vsvo  other 
plates  of  metal  unelectrified  ^pd  insulati^d^  and 
the  plate  of  glass  thus  coated  afresh  will  yet  be 
th^rged. 

The  passing  of  the  electric  fluid  from  one  side 
ftf  a  charged  jar  to  the  other,  is  apparently  instan- 
taneous^ through  whatever  length  of  a  metallic  of 
0ther  good  conductor  it  is  coriveyed. 

£x?Bfit:^£NT  xxxvi  Letai?y  number  of  perr 
sons  make  a  part  of  the  circuit  of  communication^ 
|ind  th(^  lluid  will  pass  instantaneously  through 
the  \¥hoIe« 

The  diachatge  of  a  phafged  jar  gives  a  painful 
•ensatiQn^  palled  the  electfip  shocks  to  aiiy  animal^ 
Or  its  part^  placed  iji  the  circuit  of  communication^ 

If  the  circuit  be  interrupted^  the  fluid  will  be- 
come visible;  and  if  resisted  in  its  passage,  will 
leave  an  impression  upon  the  intermediate  or  re- 
iistiQg  bodies.* 

ExPEBiJ^ENT  xxxvl.  JjCt  the  fluid  f^s$ 
thix>ugh  a  chain,  or  through  any  metallic  bodies 
placed  0t  small  distances  froni  each  other;  the  fluid, 
in  a  darkened  room^  will  be  visible  between  th^ 
links  of  the  chain^  or  bptween  the  metallic  bodies. 

*  Ett/lella  IjuUtutct  of  Natural  PhiloMphT-. 
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Experiment  xxxvii.  If  the  circuit  l)e  in- 
terrupted by  several  folds  of  paper,  a  perforation 
will  be  made  through  it,  and  each  of  the  leaves 
will  be  protruded  by  the  stroke  from  the  middle 
towards  the  outward  leaves. 

Experiment  xxxvrii.  If  spirit  of  wine  or 
gunpowder  be  made  part  of  the  circuity  it  will  be 
fired. 

The  force  of  an  electric  charge  does  not  depend 
on  the  shape  of  the  charged  surface. 

Let  the  same  (Quantity  of  coating  be  placed  upon 
a  jar  and  upon  a  plate  of  glass,  the  effect  will  b& 
found  to  be  nearly  the  same  in  each. 

When  the  surfaces  of  an  electric  jar  are  charged 
with  a  certain  quantity  of  the  two  powers,  it  is 
observed  that  no  additional  electricity  can  be 
communicated  to  them,  however  great  an  excita- 
tion is  applied  for  that  purpose. 


OP  the  electric  battery. 

The  force  of  the  electric  charge  may  be  in- 
creased^ by  augmenting  the  surface  of 'coated 
glass. 

The  usual  method  of  effecting  this,  is  to  form 
a  communication  between  the  insidesof  a  number 
of  coated  glass  jars,  and  another  communication 
between  the  external  coatings:  jars  so  disposed  are 
called  an  electrical  battery.     See  plati  4,  fg.  65. 
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Fine  metallic  wire  may  be  melted  by  a  battery, 
small  animals  may  be  killed,  thick  pieces  of  glass 
be  shattered  to  pieces,  and  other  curious  effects 
produced,  tfie  greater  part  of  which  are  described 
in  the  course  of  this  Essay. 

The  electric  fluid  and  lightning  are  the  same 
substance. 

Their  properties  and  effects  are  the  same; 
flashes  of  lightning  form  irregular  lines  in  the  air; 
the  electric  spark,  when  strong,  has  the  same 
appearance.  Lightning  strikes  the  highest  and 
most  pointed  objects,  takes  in  its  course  the  best 
conductors,  sets  fire  to  bodies,  melts  metals;  in 
which,  and  many  other  particulars,  it  agrees  with 
the  phenomena  of  the  electric  fluid.  Lastly,  the 
lightning  being  brought  from  the  clouds  to  an 
electrical  apparatus,  will  exhibit  all  the  appear- 
ance of  the  electric  fluid. 

It  is  supposed  that  buildings  may  be  secured 
from  the  effects  of  lightning,  by  fixing  a  pointed 
metallic  rod  higher  than  any  part  of  the  building, 
and  continuing  it  without  interruption  to  the 
ground  or  nearest  water. 

The  experiment  most  generally  used  to  illus- 
trate this  position,  is  that  of  the  thunder-house, 
which  is  a  board  shaped  like  the  gable  end  of  a 
bouse,  and  fixed  perpendicularly  upon  an  hori- 
zontal board;  in  the  perpendicular  board  a  square 
bole  is  made,,  into  which  a  square  piece  of  wood 
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is  to  be  fitted,  so  that  it  may  easily  fall  out  of  its 
place;  a  wire  is  fixed  diagonally  into  this  square 
piece;  another  wire,  terminated  with  a  brass  ball, 
is  fastened  to  the  upper  part  of  the  petp^ndicular 
board,  with  its  ball  above  the  board,  and  its  lower 
end  in  contact  with  the  diagonal  wire;  in  the 
square  piece  of  wood,  a  communication  Is  coti* 
tinued  from  the  other  end  of  the  diagonal  wire, 
by  a  wire  to  the  bottom  of  the  perpendiculak' 
board.  If  the  wires  in  this  state  arc  made  part  of 
a  circuit  of  communication,  on  discharging  the 
jar,  the  square  piece  of  wood  will  nbt  be  dis- 
placed; but,  if  the  communication  be  interrupted 
by  changing  the  direction  of  the  diagonal  wire, 
the  square  piece  of  wood  will,  on  the  discharge, 
be  driven  out  of  its  place.     See^g.  68. 

If,  instead  of  the  upper  brass  ball,  a  pointed  wire 
be  placed  above  the  perpendicular  board,  the  dis- 
charge may  be  drawn  off  without  an  e&plosioil. 

OF  A  FLATS  OF  AIR, 

As  the  air  is  an  electric,  it  will  receive  ti  chai'g^ 
dnd  give  a  shock,  like  any  other  electric  siib-? 
stance. 

This  is  effected  by  means  of  two  large  boards, 
covered  with  tin-foil,  the  one  connected  with  the 
conductor,  the  other  placed  parallel  to  it  on  an 
insulated  stand;  these  boards  maybe  consider^ 
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as  the  coatings  to  a  p]ate  of  air;  and^  if  a  com- 
munication be  formed  between  them,  by  touching 
the  uninsulated  board  with  one  hand^  and  apply- 
ing the  other  hand  to  the  conductor,  the  shock 
will  he  felt.  See  Nicholsons  Introduction  to  Na- 
tural Philosophy, 

**  A  great  part  of  the  electric  phenomena  are 
the  consequence  of  the  air  being  thus  charged. 
Thus,  ,  the  prime  conductor  imparts  its  electricity 
to  the  sur&ce  of  air  immediately  contiguous  to  it, 
and  when  the  spark  is  drawn,  the  discharge  is 
made  to  the  non-electrics  in  the  room,  which  are 
in  contact  with  the  opposite  surface. 

^^  It  is  a  consequence  of  the  air  being  charged, 
that  broad  non-electric  surfaces  draw  large  sparks 
from  the  conductor;  for  the  sparks  are  the  (tis- 
cbarges  of  a  large  plate  of  interposed  air:  a  less 
surface  will  draw  a  less  spark,  because  the  same 
machine  discharges  less  surfaces  higher  than 
greater;  the  spontaneous  discharge  through  the 
body  of  the  electric  air  will  be  made  at  a  greater 
distance  of  the  surfaces;  that  is  to  say,  the  sparks 
will  be  longer.  If  the  surface  of  the  presented 
jJaie  be  .still  smaller,  the  sparks  will  also  be  smaller, 
and  emitted^  (o  a  greater  distance ;  and  if  the  sur- 
£ice  be  indefinitely  small,  or  in  other  words,  if 
the  non-electric  be  pointed,  the  "Spark  may  be  so 
small  as  to  be  invisible,  and  the  distance  to  which 
it  can  be  emitted,  may  be  unlimited.'* 


[04] 


OP  MEDICAL  ELECTRICITY. 

The  satisfactory  experiments  that  have  been 
made  on  this  head,  hy  some  of  the  first  characters 
in  the  medical  line,  particularly  at  St,  Thomas's 
Hospital,  by  Mr.  Birch,  have  established  the  re- 
putation of  electricity  in  medicine;  as  they  have 
clearly  proved,  that  when  used  by  the  skilful,  it 
is  as  certain  in  its  effects  as  any  medicine  in  the 
whole  materia  medica,  and  more  extensive  in  its 
application. 

In  medicine,  it  has  been  very  judiciously  con- 
sidered as  acting  under  three  forms : 

1.  The  fluid,  which  may  he  considered  as  a 
sedative. 

2.  The  spark,  or  friction,  which  may  be  ranked 
under  the  title  of  a  stimulant. 

3.  The  shock,  which  may  be  considered  -  as  a 
powerful  deobstruent. 

The  fluid  may  be  thrown  upon,  or.  extracted 
from  the  patient. 

This  is  always  best  affected  by  a  wooden  point. 

1 .  Insulate  the  patient,  and  connect  him  with 
the  positive  conductor;  then  present  the  wooden, 
point  of  the  director  towards  him,  and  it  will  gra-i 
dually  draw  the  fluid  from  him, 

1.  Let  the  patient  communicate  with  the  ground,, 
find  connect  the  metal  part  of  the  directpr  with 
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the  positive  conductor,  and  the  fluid  will  be  gently 
thrown  upon  the  patient. 

3.  Connect  the  insulated  patient  with  thecush*^' 
ion,  then  he  will  receive  the  fluid  from  the  direc-^ 
tor  held  in  the  hand. 

4.  Connect  the  director  with  the  cushion^  and 
the  fluid  will  be  extracted  from  the  patient* 


OF  THE  ELECTRIC  SPARK,  OR  FRICTION. 

What  has  been  said  with  respect  to  the  fluid,  is 
equally  applicable  to  the  electric  friction;  only 
here  the  point  is  to  be  unscrewed  from  the  direc- 
tor, and  the  brass  ball  screwed  on  in  its  stead. 

In  the  friction,  the  part  should  be  covered  with 
woolen  cloth  or  flannel,  and  the  brass  ball  is  to  bo 
applied  close  to  the  flannel ;  but,  in  taking  sparks^ 
it  is  to  be  removed  a  little  distance  from  the  body. 


TO  IKCREASE  THE  DENSITY  OF  THE  FLUID^ 

OR  SPARK. 

Fix  the  medical  bottle  to  the  conductor;  let  a 
chsdn  fafl  from  the  hook  at  the  bottom  thereof  to 
the  table;  plaqe  the  electrometer  on  the  conduc- 
tor,  as  it  is  represented  in  the  frontispiece  to  this 
work;  let  the  ball  of  the  electrometer  be  placed  at 
^me  little  distance  from  the  conductor,  and  then 
connect  your  director,  by  means  of  a  wire,  with 
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the  exterior  bftll  of  the  electrometer.  After  thi# 
preparation^  you  may  turn  the  machine^  and 
when  the  fluid  has  attained  sufficient  force  to  pass 
firom  the  conductor  to  the  ball  of  the  electrometer, 
you  may  apply  the  director  to  the  patient,  who 
will  receive  a  dense  stream  therefrom:  the  ma* 
chine  to  be  kept  turning  during  the  operation. 
Or,  connect  an  insulated  patient  with  the  electro* 
meter^  and  then,  on  applying  the  director  to  him, 
you  will  extract  a  dense  stream  from  him.* 

N.  B.  Whenever  the  director  is  used  without 
being  connected  with  the  conductor  or  cushion, 
the  hand  should  communicate  with  the  brass  part 
thereof. 

TO  FASS  A  STREAM  OF  THE  ELXCTBIC  PLUIBT 
TRAOUGR  ANY  FART  OF  THE  BODY,  WITH- 
OUT GIVINO  THE  SHOCK. 

1.  Connect  one  director  with  the  cushion, 
and  another  with  the  conductor;  place  the  part, 
through  which  you  want  the  stream  to  pass,  be^ 
tweein  the  directors. 

N.  B.  The  density  of  this  stream  is  augmented, 
if  the  bottle  is  suspended  agreeable  to  the  direc^ 
tions  in  the  preceding .  article^  and  one  director 
joined  to  the  electrometer. 

*  I  have  given  a  particular  description  of  this  medical  appa- 
v^us  in  Chap.  iii.    Edit. 


TO  GIVB  THE  SHOCK,  flj 

1.  Insulate  the  patient,  and  apply  a  director 
that  connmuniciftted  with  the  conductor,  or  with 
the  electrometer  and  hottle,  to  one  part,  and  a 
brass  ball  to  the  other. 


70  GIVE  THE  SHOCK. 

Suspend  the  bottle  from  the  conductor,  put  thd 
electrometer  in  its  place,  (see  the  plate  that  faces 
the  title-page  of  this  work,  (and  remove  the  inner 
ball  a  small  distance  from  the  conductor;  then 
connect  one  director  by  a  wire  with  the  hook  at 
the  bottom  of  the  bottle,  and  the  other  with  the 
exterior  ball  of  the  electrometer;  the  part  through 
which  the  shock  is  to  pass,  must  be  placed  be- 
tween these  l>alls;  therfc  will  be  a  shock  cveiy 
time  the  fluid  has  acquired  sufficient  force  to  pass 
from  the  conductor  to  the  electrometer. 


70  GIVE  A  aUICK  VIBRATOBY  SENSATIOIT, 
NOT  SO  PUNGENT  AS  THE  SHOCK,  THOUGH 
STRONGER  THAN  THE  SPARK. 

The  directions  in  the  preceding  article  apply 
immediately  to  the  present,  with  only  this  difFe- 
rcQce,  the  ball  of  the  electrometer  may  be  re^ 
moved  further  off,  and  the  long  wire  is  to  be 
^kcn  out  of  the  tube  of  the  bottle. 
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OP  ATMOSPHEKIC  ELECTRICITY* 

The  atmosphere  is  always  electrified^  sometimes 
negatively,  but  most  commonly  with  positive  elec- 
tricity. In  serene  weather  the  electricity  is  always 
positive,  and  the  quantity  is  proportional  to  the 
quantity  of  moisture. 

Hail  is  always  accompanied  with  electricity. 

Rain  generally  so. 

Low  and  thick  fogs  strongly  electrical^  though 
generally  more  so  after  a  frost. 

In  summer,  the  electricity  of  the  atmosphere  is 
very  weak,  it  grows  stronger  at  sun-rise^  and 
increases  in  strength  with  the  elevation  thereof; 
at  sun-set  it  again  becomes  weaken 

Impetuous  winds  generally  lessen  the  force  of 
the  atmospheric  electricity. 

A  strong  electricity  often  rises  with  the  dew, 
particularly  if  the  season  is  cold,  the  sky  clear^ 
and  very  little  wind.* 


*  The  following  are  the  most  approved  atmospherical  eleo 
trometers,  and  are  described  in  Chap.  Kviii.  the  first  is  consi- 
dered the  most  sensible.  PJaU  l,Jig.  10,  Bennetts  gold  leaf 
electrometer  5  Jig,  11,  Cavallo's  pith  ball  electrometer,  improved 
by  Saussure^  flate  4,  Jig,  76,  Cavallo's  pith  ball  electrometer. 
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OF  A  VACUUM. 

Air  rarefied  to  a  certain  degree,  permits  the 
electric  fluid  to  pass  easily  through  it. 

As  the  air  is  a  non-conductor,  it  resists  the 
motion  of  the  electric  fluid ;  therefore,  the  removal 
of  it  facilitates  the  eflfort  this  fluid  makes  to  escape 
from  the  subject  on  which  it  is  thrown;  at  the 
same  time  it  is  highly  probable,  that  it  is  by  means 
of  the  vapour,  which  expands  itself  when  the 
pressure  of  the  atmosphere  is  taken  off,  that  the 
electric  fluid  is  conducted  through  the  vacuum ; 
for  there  is  reason  to  think,  that  electricity  air- 
ways requires  a  conductor,  to  make  it  pass  fiom 
one  body  to  another;  and  this  is  further  confirmed 
by  those  experiments  which  shew  that  a  more  per- 
fect vacuum  of  air  is  a  non-conductor. 

ExPBRiMBXT  XXXIX.    Let  a  vacuum  be  made 
part  of  the  circuit  in  discharging  a  Leyden  phial. 

Experiment  xl.    Let  a  jar  be  charged  in 
vacuo. 
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CHAP.    It. 


O^   fiLfiCTRiCttlr   IN    <;eNBRAL OP   THE    DfS-» 

TINCTION   BETWEEN   ELECTRICS  AND   NON-^* 
ELECTRICS— A  CATALOGUE  OP  CONDUCTING 

SUBSTANCES OP    THE    ANALOGY    BETWEEN 

BLfiCTIVtClTY  AND  FIRE- 

It  must  appear  surpriising  to  every  searcher  after 
truth*  that  electricity^  which  is  now  allowed  w 
be  one  of  the  principal  agents  employed  in  pro<- 
dttcing  the  phenoipena  of  nature^  should  have 
remained  so  long  in  obscurity ;  for,  compamtiirely 
fpeaking,  its  existence  was  not  known  to  the* 
ancients*  They  were  not,  indeed,  altogether  ig-* 
norant  of  the  peculiar  properties  of  those  bodie9 
that  we  now  term  electrics;  nevertheless  their 
knowledge  was  circumscribed^  being  confined  to 
the  observation  only  of  those  pbenomena  which 
nature  presented  to  their  senses,  in  the  ordinary 
course  of  her  operations;  hence  near  two  thou- 
sand years  elapsed,  before  any  addition  was  made 
to  the  little  which  was  known  to  TheophrastuSy 
and  this  branch  of  natural  history  remained  un- 
cultivated, till  the  happy  period  arrived,  when  the 
philosopher  was  emancipated  from  the  chains  of 
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hypothetic  reasoning,  and  the  uncertainties  of 
vague  conjecture. 

The  existence  of  this  subtile,  and  in  most  cases 
invisible  power,  was  then  traced,  and  many  of  ita 
properties  developed;  its  agency  was  discovered 
to  be  universal,  and  its  extent  unlimited. 

It  must  be  evident,  indeed,  even  to  a  superfi-^ 
cial  observer,  that  electricity  is  no  trivial  or  con- 
fined subject;  because  there  is  no  body  in  nature 
that  is  not  acted  upon  in  a  greater  or  less  degree 
l)y  this  important  agent. 

The  importance  of  the  dectric  fluid  in  the  sys^ 
tern  of  the  world  is  confirmed  by  a  consideration 
of  those  phenomena  in  which  it  is  concerned,  and 
which  take  place  witlK>ut  the  concurrent  operation 
<)f  man. 

Thus,  several  fishes  possess  the  property  of 
giving  the  electric  shock.  The  torpedo,  and  one 
or  more  species  of  eels,  from  Surinam,  if  touched  . 
by  the  hand,  a  metal  rod,  or  any  other  conductor^ 
give  a  considerable  shock  to  the  arm,  but  may  be 
safely  touched  by  a  piece  of  sealing-wasc  The 
shock  depends  on  the  will  of  the  fish,  and  is  trans^ 
mitted  to  a  great  distance ;  so  that  if  persons  in  a 
ship  h^pen  to  dip  their  fingers  or  feet  in  the  sea,  ' 
where  the  fish  is  swimming  at  the  distance  of  fif-» 
teen  feet,  they  will  be  afiected  therewith. 

Many  disordors  of  the  human  frame  have  been 
cured  or  relieved  by  electricity;  n^w  action  b^^ 
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been  given  to  deficient  powers,  and  the  terrors  of 
the  knife  been  frequently  prevented. 

But  the  most  remarkable  appearances  of  elec- 
tricity,  which  are  viewed  with  surprize  by  all  rank? 
bf  people,  are  those  which  may  be  termed  atmos- 
pherical, as  existing  in,  or  depending  on  the  state 
of  the  atmosphere.  Lightning  is  proved  to  be  an 
electric  phenomenon,  and  there  is  little  doubt  but 
that  the  aurora  borealis,  whirlwinds,  and  water- 
spouts, depend  on  the  same  principle. 

"  Electricity  has  one  considerable  advantage 
over  most  other  branches  of  science;  it  furnishes 
matter  of  entertainment  for  all  peirsons  promiscu- 
ously, while  it  is  a  subject  for  speculation  to  phi- 
losophers. Neither  the  air-pump,  nor  the  orrery; 
neither  experiments  in  hydrostatics,  optics,  oi* 
magnetism;  nor  those  in  all  other  branches  of 
natural  philosophy,  ever  brought  together  so  many 
or  such  great  concourses  of  people,  as  those  of 
electricity  have  done  singly." 

*^  If  we  only  consider  what  it  is  in  objects  that 
makes  them  capable  of  exciting  that  pleasing  as-^ 
tonishment,  which  has  such  charms  for  all  man- 
kind, we  shall  not  wonder  at  the  eagerness  with 
which  persons  of  both  sexes,  and  of  every  age  and 
condition,  run  to  see  electrical  experiments.  Here 
we  see  the  course  of  nature  to  all  appearance  en* 
tirelyireversed  in  its  most  fundamental  laws,  and 
by  causes  seemingly  the  slightest  imaginable:  and 
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rtot  only  the  greatest  effects  produced  by  causes 
which  seem  to  be  inconsiderable,  but  by  thosd 
\Vith  which  they  seem  to  have  no  connexion/' 

Here  we  sec^  contrary  to  the  principles  of  grd- 
vitation,  bodies  attracted,  repelled,  and  held  sus- 
pended by  others,  which  arc  seen  to  have  ac- 
quired that  power  by  nothing  but  a  very  slight 
friction!  Here  we  see  a  piece  of  told  metal,  or 
even  water  or  ice,  emitting  strong  sparks  of  fire, 
sb  as  t6  kindle  many  inflammable  substances!  > 
Again,  what  can  seem  more  miraculous,  than  to 
find  that  a  common  glass  jar  should,  after  a  little 
preparation,  be  capable  of  giving  ^  person  such  a 
violent  sensation,  as  nothing  else  in  nature  can 
give,  and  of  even  destroying  animal  life;  and  that 
this  shock  is  attended  with  an  explosion  like  thun- 
der, and  a  flash  like  lightning ! 

As  electricity  is  in  its  infancy,  whcin  considered 
as  a  science,  its  definitions  and  axioms  cannot  be 
stated  with  geometric  accuracy.  I  shall  endea- 
vour to  avoid  as  much  as  possible  the  use  of  posi- 
tive expressions,  in  order  to  invite  the  reader  to 
examine'  the  experiments  himself,  to  compare 
them  one  with  another,  and  then  draw  his  own 
conclusions;  beginning  with  those  experiments 
which  were  the  foundation  of  the  present  state  of' 
electricity,  and  which  gave  rise  to  the  principal 
technical  terms  made  use  of  in  this  science^ 
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Experiment  i.  Rub  a  dry  glass  tube  with 
a  piece  of  dry  silk,  and  it  will  thereby  be  elec- 
trified; present  Kght  bodies,  as  feathers,  pith 
balls,  &c.  to  it,  they  will  be  attracted  and  then 
repelled, 

A  piece  of  black  or  oiled  silk,  on  which  a  little 
amalgam  has  been  spread,  makes  the  best  rubber 
for  a  smooth  glass  tube;  soft  new  flannel  succeed^ 
well  with  sealing-wax. 

Experiment  ii.  Rub  a  dry  stick  of  seal- 
ing-wax, it  will  first  attract  and  afterwards  repel 
those  light  bodies  that  are  brought  near  to  it. 

The  friction  in  the  two  preceding  experiments 
has  put  in  action  an  agent  or  power,  which  at- 
tracts and  repels  light  bodies;  this  power  is  called 
electricity. 

A  certain  quantity  or  natural  share  of  the  elec* 
trie  fluid  is  supposed  tp  be  disseminated  in  all 
bodies,  in  which  state  it  makes  no  impression  on 
our  senses ;  but  when,  by  the  powers  of  nature  or 
art,  this  equilibrium  is  destroyed,  and  the  agency 
of  the  fluid  is  rendered  visible  to  the  senses,  then 
those  effects  are  produced  which  we  tenn  elect ri-^ 
cal,  and  the  body  is  said  to  be  electrized. 

Any  substance  that  is  made  by  friction  to  ex- 
hibit electric  appearances,  is  said  to  be  excited.    . 

Amber,  silk,  jet,  dry  wood,  and  a  variety  of 
other  substances,  being  excited,  attract  and  repel 
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light  bodies,  these  are  called  electrics.  Siich 
substances^  ^  metals^  water^  &c.  the  frictioB  of* 
>vhicb  will  not  produce  this  power  of  attraction 
and  repulsion^  are  called  non-electrics. 

When  the  excited  glass  tube,  oc  stick  of  sealing- 
Wax,  is  in  good  order,  and  the  particles  of  electri- 
city are  sufficiently  united  to  act  on  the  organs 
of  vision  in  a  darkened  room,  pencils  of  light,  or 
flash.es  of  divergent  flame  wfll  dart  from  the  tube 
in  a  beautiful  manner,  attended  with  a  crackling 
noise,  which  will  be  heard  on  the  approach  of  any 
conductor.  The  matter  causing  this  light  and 
Bound  is  what  is  meant  by  electricity. 

Electricity  is  often  excited  by  other  causes-  as 
well  as  friction.  Thus  it  may  be  produced  by 
heating  or  cooling  of  some  substances,  by  blowing 
of  air  violently  on  a  body,  &c.  nay,  it  is  probable^ 
that  whatever  removes  the  stratum  of  air  from  the 
surface  of  any  body,  or  influences  the  cohesion  of 
its  parts,  will  disturb  the  electric  fluid. 

The  discharge  of  large  cannon,  and  the  blowing 
up  of  powder  magazines,  has  been  known  to  elec-^ 
trify  glass  windows. 

Experiment  hi.  Let  a  metallic  cylinder  be 
|>laced  upon  silken  lines,  or  upon  glass,  bring  an 
excited  electric  near  to  it,  and  every  part  of  the 
me^llic  cylinder  will  attract  and  repel  light  bodies 
V  forcibly  as  the  excited  electric  itself* 

c  2 
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Experiment  iv.  Support  a  dry  glass  rod 
on  silken  lines,  or  bygla^s,  bring  an  excited  elec- 
tric near  it,  and  no  attraction  or  repulsion  will 
take  place,  because  the  electricity  cannot  be  trans- 
"mitted  through  it. 

From  these  experiments  is  deduced  the  dis- 
tinction between  those  bodies  which  produce  the 
electric  fluid,  and  those  which  do  not;  the  one 
having  the  power  of  transmitting  this  fluid,  the 
other  possessing  no  spch  power. 

Those  bodies  which  possess  the  power  of  trans- 
4  mitting  electricity,  are  called  conductors  and  non^ 
electrics. 

Those  substances  which  are  impervious  to  elec- 
tricity, are  called  non-conductors  or  electrics. 

A  body  which  communicates  with  .nothing  but 
electrics,  is  said  to  be  insulated. 

If  all  substances  possessed  an  equal  power  of 
retaining  or  parting  with  the  electric  fluid,  the 
greater  part  of  its  phenomena  would  have  re- 
mained unknown  to  us;  but,  as  it  passes  readily 
only  over  the  surface  of  some  substances,  while 
others  resist  its  passage,  or  are  nearly  impermeable 
to  it,  we  are  enabled  to  accumulate,  condense, 
and  retain  it  on  the  last,  and  thus  subject  it  easily 
to  the  test  of  experiment. 

From  the  two  last  experiments  we  learn,  that 
excited  electrics  will   communicate  the  electria. 
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powers  to  conducting  substances  which  are  insu- 
lated; that  these  will  then  attract  and  repel  light 
bodies,  &c.  similar  to  the  electric  itself,  with  this 
difference  only,  that  a  conductor  which  has  re- 
ceived electricity  parts  with  it  at  once  when  it  is 
touched  by  another  conductor  that  communicates 
with  the  earth,  whereas  the  excited  electric,,  un- 
der the  same  circumstances,  only  loses  its  electri- 
city partially. 

A  conductor  cannot  be  electrified  while  it  com- 
municates with  the  earth,  because  the  electricity 
is  immediately  conveyed  away. 

An  insulated  electrified  conductor  will  be  de- 
prived of  its  electricity,  by*  taking  a  spark  from 
any  part  thereof  with  an  uninsulated  conductor. 

Experiment  v.  Electrify  with  excited  glass 
or  sealing-wax  two  insulated  cork  balls,  sus- 
pended by  lines  about  six  inches  long,  and  the 
balls  will  separate  from  and  repel  each  other. 

Experiment  vi.  Electrify  one  ball  with 
glass,  the  other  with  sealing-wax,  and  they  will 
be  mutually  attracted. 

These  two 'oppo^te  and  remarkably  distinct 
effects  in  the  attractive  and  repulsive  powers  of 
electricity,  whereby  one  attracts  what  the  other 
repels,  were  discovered  at  an  early  period  of  the 
history  of  this  science. 

The  electric  power  produced  by  the  excitation 
of  glass,  is  called  positive  ehctriciiy^  and  the  power 
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produced  by  the  excitation  of  sealing*waf3L  is  called  • 
negative  electricity.  This  difference  was  at  fim 
thought  to  depend  on  the  electric,  and  it  was 
then  supposed  that  the  two  kinds  of  electricities 
were  essentially  distinct;  but  it  is  now  known 
that  each  of  these  powers  may  be  produced  from 
the  excitation  of  either  glass  or  sealing*wax. 

Electricians  have  been  engaged,  by  the  disco-* 
very  of  the  two  foregoing  distinctions,  to  examine 
the  electric  properties  of  most  bodies,  to  ascertain 
whether  they  possessed  the  positive  dr  negative 
powers.  By  these  means  the  catalogue  of  electrics 
ba$  been  considerably  increased ;  and  it  was  soon 
found  that  every  substance  we  were  acquainted 
with  had  more  or  less  affinity  with  the  dectrio 
fluid.* 

CATALOGUE  OP  CONDVCTIKG  SUBSTANCES. 

1.  Stony  Substances. 

Stony  substances  in  general  condiict  very  well, 
though  dry  and  warm. 

Lime-stone  and  lime  just  burnt  are  equally 
imperfect  conductors. 

Marbles  conduct  considerably  better  than  free- 
stone,   and  there  is  found  very  little  difference 

*  See  Dr.  Pr;«//^^s  History  j  CtfW/(?  on  Electricity  5  Marat ^ 
Becherches  sur  r£lectricite. 
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among  any  of  the  specimens  of  marble  that  have 
been  tried. 

A  large  piece  of  white  spar,  with  a  tinge  of 
blue,  and  semi-transparent,  will  hardly  conduct  in 
the  least  degree:  rather  strong  sparks  may  be 
taken  from  the  prime  conductor,  while  it  is  in 
contact  with  it. 

A  piece  of  agate,  semi-pellucid,  receives  the 
dectric  spark  into  its  substance,  though  it  will 
pass  over  about  three-quarters  of  an  inch  of  its 
surface  to  reach  the  finger  that  holds  it,  and  it 
discharges  the  battery  but  slowly. 

A  piece  of  slate,  such  as  Is  commonly  used  to 
write  upon,  is  a  much  better  conductor  than  a 
piece  of  free  stone,  which  cojnducts  but  imperfectly. 

Touch -stone  conducts  tolerably  well. 

A  piece  of  gypsum  and  plaster  of  Paris  con- 
ducts very  well,  only  the  latter  having  a  smoother 
surface  takes  a  stronger  spark. 

A  piece  of  asbest  from  Scotland,  just  as  it  is 
taken  from  its  bed,  will  not  conduct.  While  in 
contact  with  the  conductor,  sparks  may  be  taken 
at  the  distance  of  half  an  inch  with  a  moderate 
electrification. 

A  piece  of  Spanish  chalk  conducts  much  like 
marble. 

A  piece  of  Egyptian  granite  conducts  consider- 
ably better  than  free-stone. 
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2.  Saline  Bodies, 


.   Oil  of  vitriol  conducts  very  well. 

The  metallic  salts  in  general  conduct  better 
than  any  neutrals. 

Vitriol  of  copper  and  of  iron  conduct  very  well, 
though  they  will  not  transmit  a  shock, 

Vjtriolated  tartar  gives  a  small  shock. 

Salt-petre  does  not  conduct  so  well  as  sal-am-r 
moniac.  If  the  electric  explosion  passes  over  its 
surface,  it  disperses  into  a  great  number  of  frag- 
ments, in  all  directions,  with  considerable  vio-r 
lence. 

Volatile  sal-  ammoniac  gives  ^  small  shock. 

Rock-salt  conducts,  but  not  quite  so  well  as 
alum ;  the  electric  spark  upon  it  is  peculiarly  red. 

Sal-ammoniac  exceeds  rock-salt  and  alum  in  ita 
conducting  powers,  but  will  not  take  the  least 
sensible  spark;  so  that  it  seems  made  up  of  an 
infinite  number  of  the  finest  points. 

Salenitic  salts  conduct  but  imperfectly. 

By  alum  the  explosion  is  attended  with  a  pecu<t 
liar  hissing  noise,  like  that  of  a  squib. 

3-  Injlayntnaile  Bodies, 

0 

A  piece  of  pyrites  of  a  black  colour  takes  sparks 
at  a  considerable  distance  from  the  prime  conducn 
tor,  like  some  of  the  inferior  pieces  of  charcoal, 
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Another  piece  of  pyrites,  which  has  been  part 
of  a  regular  sphere,  consisting. of  a  shining  nietaU 
lie  matter,  will  not  conduct  near  so  well,  though 
much  better  than  any  other  stony  substance.  It  is 
a  medium  betwixt  a  stone  and  an  ore. 

Black-lead  in  a  pencil  conducts  a  shock  seem* 
ingly  like  metal  or  charcoal.  A  small  lump  of  it 
takes  as  full  and  strong  a  spark  from  the  prime 
conductor  as  a  brass  knob, 

4.  Metals  and  Ores. 

A  piece  of  gold  ore  from  Mexico  is  hardly  to  be 
distinguished  in  this  respect  from  the  metal  itself.  ^ 

A  piece  of  silver  ore  from  Potosi,  though  n^ixed 
with  pyrites/ conducts  very  well. 

Two  pieces  of  copper  ore,  one  the  most  valua- 
ble that  is  known,  and  another  of  only  half  the 
value,  are  hardly  to  be  distinguished  from  one 
another  in  their  conducting  powers. 

Lapis  haematites  conducts  tolerably  well. 

Black. sand  from  the  coast  of  Africa,  which  is  a 
good  iron  ore,  and  part  of  which  is  affected  by  the 
inagnet  as  much  as  steel  filings,  is  found  to  con- 
duct electricity,  but  not  a  shock.  Separating 
with  the  magnet  all  that  will  be  easily  attracted  by 
it,  it  conducts  a  shock  very  well:  the  rest  would 
hardly  conduct  at  all. 

The  ores  in  which  the  metal  is  mineralized  with 
stilphur  or  arsenic,  as  the  ores  of  lead,  tin,*  and 
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cinnabar,  the  ore  of  quicksilver,  arc  little  inferior 
to  gold  and  silver  ore. 

Ores  that  contain  nothing  but  the  earth  of  the 
metal,  conduct  electricity  litde  better  than  other 
stones. 

Lead,  tin,  iron,  brass,  copper,  silver,  and  gold. 

5.  Fhuds. 

The  fluids  of  an  animal  body. 

All  fluids,  excepting  air  and.'oils. 

Fluids  appear,  in  general,  to  be  better  conduc* 
tors  in  proportion  as  they  contain  less  inflammable 
matter. 

Mr.  Cavendish  has  shewn,  that  iron  wire  con- 
ducts about  four-hundred  millions  of  times  better 
than  rain  or  distilled  water;  i.  e.  the  electricity 
meets  with  no  more  resistance  in  passing  through 
a  piece  of  iron  wire  four-hundred  million  inches 
long,  than  through  a  column  of  water  of  the  same 
diameter  only  one  inch  long. 

Sea  water,  or  a  solution  of  one  part  of  salt  ia 
thirty  of  water,  conducts  an  hundred  tinxcs,  and  A 
saturated  solution  of  sea-salt  seven-hundred  and 
twenty  times  better  than  rain  water. 

The  effluvia  of  flaming  bodies. 

Snow,  smoke,  the  vapour  of  hot  water,  the  va-* 
cuum  produced  by  an  air-pump,  charcoal,  &c.* 

*  Ice  is  ranked  among  conductors^  although  but  an  imperfect 
OBe.     Edit. 


^ 
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Amber,  jet,  pitch,  and  sulphur;  likewise  ftll  thtJ 
precious  stones,  as  diamonds,  rubies,  gamete,  to* 
pazes,  hyacinths,*  chrysolites,  emeralds,  sapphires, 
&9iethysts,  opals,  and  especially  tourmalins;  dH 
resins  and  resinous  compounds,  wax,  silk,  cotton; 
all  dry  animal  substances,  as  feathers,  wool,  hair, 
paper,  &c.  White  sugar,  air,  oil,  chocolate,  calxe» 
of  metals,  dry  vegetables,  &c. 

I  do  not  know  whether  it  is  altogether  proper  to 
add  to  this  list  of  electrics  the  torpedo  and  Suri- 
nam eel,  living  electrics,  whose  electricity  is  put 
in  action  by  the  will  of  the  animal. 

The  real  and  intrinsic  difference  between  elec- 
trics and  non-electrics  remains  among  the  electric 
desiderata;  for  nothing  more  is  ascertained^  than 
that  the  conducting  power  in  some  measure  de- 
pends upon,  or  is  governed  by  heat.  Glass,  resin, 
and  many  other  articles,  are  made  conductors  by 
heat;  while,  on  the  contrary,  cold,  if  not  at- 
tended .with  moisture,  renders  every  electric  sub- 
stance more  electric.  Ice  cooled  to  1 3^  below  o 
of  Fahrenheit's  thermometer  becomes  a  non-con- 
ductor. 

Mr.  Achardj  of  Berlin,  has  published  in  Roziers 
Journal  de  Physique,  a  very  ingenious  paper  on 
this  subject;  in  which  he  proves  by  experiment. 
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1st.  That  certain  circumstances  will  cause  a  body 
to  conduct  electricity,  which  before  was  a  non- 
conductor. 2d.  That  these  circumstances  are  the 
degrees  of  heat  to  which  the  body  is  subjected. 
There  is  certainly  reason  to  suppose,  that  the  dis- 
position in  metals  to  conduct  electricity,  depends 
on  the  state  of  fire  within  them,  and  that  there  is 
a  certain  degree  of  heat  at  which  a  given  body 
may  be  at  the  medium  between  perfect  conducting 
and  non-conducting;  and  that  conductors  are 
bodies,  whose  electric  state  does  not  appear  but  in 
^degree  of  cold  below  the  usual  state  of  our  at- 
mosphere; and  that  electrics,  to  be  rendered  con- 
ductors, require  a  degree  of  heat  much  abqvQ  the 
usual  state  of  the  ^ir  with  us,* 


A  LIST  OP  ELECTRIC  SUBSTANCES,  AND  OP 
THE  DIFFERENT  ELECTRICITIES  PR0DUCEI> 
BY  THEM- 


«,,     ,     »     r        .     T>    •..        f  Every  stibst^ince  with  which  it 
The  back  of  a  cat     Positive  <      ,      , 

I      has  been  hitherto  tned. 

c       .1.    1      .  T»    •.•        rEvery  substance  hitherto  tried. 

Smooth  glase  Positive  <  .     .  ^ 

\      except  the  back  of  a  cat. 


*  This  philoso|-her  has  found  that  a  rod  of  ice,  two  ieet  long 
and  two  inches  diameter,  was  a  veiy  imperfect  conductor-  By 
constructing  a  machine  with  a  whirling  sphiroid  of  ice,  he  even 
electrified  a  prime  conductor,  so  as  tu  attract,  repel,  give  shocks, 
&c.    Edit. 
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'fourmalin 


Hai%*s  skin 


White  sUk 


Black  silk 


Sealing-wax 


Baked  wood 


l^ough  gla^s       s 


p    .  .  fi^'y  oiled  silk,   sulphuf^    me 

^*  ^^     \    tab. 


fWoolen  cloth,  quills,  wood,  par 
Negative  ^      P^^'  sealing-wax,  white  wax, 
t,     ^^  human  hand. 

J   Positive        Amber,  air.* 
^^  Negative      Diamond,  human  hand. 

TMetals,  silk,  loadstone,  leather^ 

.  J^     the  hand,  paper,  baked  wood« 

L  Negati 


I 


ivc      Other  fine  furs. 


J    Posittv< 
J^  Negati^ 


Positive        Black  silk,  metals,  black  cloth < 
tivc       Paper,  hand,  hair,  weasel's  skin. 

Positive        Sealing-wax. 

f  Hare's,    wcaseVs,     and    ferret's 
Negative  J      skins,  loadstone,  brass,  silver^ 

\^     iron,  the  hand. 
Positive         Metals. 

THare's,    weasel's,    and    ferret's 
Negative  ^      skins,  hand,  leather,  woolen 

L     cloth,  paper. 

r  Positive         Silk. 
J^  Negative      Flannel. 


Many  circumstances,  apparently  trifling,  will 
occasion  an  alteration  in  these  contrary  electrici- 
ties. It  has  been  said,  that' of  two  equal  sub- 
stances rubbed  together,  that  which  suiFers  the 
greatest  friction,  or  is  most  heated,  acquires  the 

*  That  ii  by  blowing  with  a  pair  of  bellows  upon  it.  By 
this  means  many  electrics  may  be  excited,  and  some  better,  if 
the  air  Mown  is  hot,  although  in  both  cases  very  little  electricity 
can  be  obtained. 
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negative  electricity.  Though  this  in  many  ca8e« 
holds  true  with  respect  to  silk  ribbons,  yet  Mn 
Bergman  says,  that  if  the  ribbon^  A^  be  Mack,  it 
will  never  becoobe  positive,  unless  B  be  black 
likewise.  With  pieces  of  glass  the  effect  is  con- 
trary; for,  if 'they  stfe  both  equal,  the  piece,  A^ 
which  is  drawn  across  the  piece,  B,  becomes  ne- 
gative; and  B,  which  sufSers  the  greatest  friction, 
becomes  positive.  Heating  by  fire  produces  the 
same  effect  as  the  greater  friction*  If  one  piece 
of  glass  be  thicker  than  the  other,  the  former  be- 
comes positive,  the  latter  negative.  Coloured 
glass,  even  when  heated,  becomes  negative,  if 
rubbed  with  common  white  glass.  If  a  piece  of 
blue  glass  is  rubbed  against  a  green  one,  the  blue 
glass  becomes  strongly  positive,  &c.  Bergman^ 
Swedish  Tran.  17(J5. 

The  electricities  produced  by  hair  and  glass 
rubbed  together  seem  to  balance  each  other,  and 
are  therefore  different  according  to  the  manner  of 
rubbing  and  the  quality  of  the  hair. 

Hair  of  a  living  animal,  or  hair  newly  cut,  when 
rubbed  with  a  glass  tube  lengthways,  is  positive  $ 
mui  here  the  gtass,  which  suffers  the  greatest  fric- 
tioo,  is  negative.  But,  if  the  glass  tube  be  dmwB 
across  the  animars^  back,  or  across  a  skain  of  batr 
newly  cut,  the  glass  becomes  positive.  Old  dry 
hair,  rubbed  on  glass  or  on  living  hair,  always 
becomes  negative;    but,   if  the  fauir  is  a  litde 
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greased  with  tallow,  the  some  efi^ct  is  produced 
as  with  living  hair.     fVUie,  Swed.  Tram,  17^9^ 

Electrics  di^^  from  each  other  with  respect  to* 
the  facility  with  which  they  are  excited,  then:  force 
wbeD  excited,  aad  the  power  with  which  thej 
retain  the  effects  of  the  excitation. 

Silk  seems  preferable  to  any  other  electric  sub«- 
stance  for  exhibiting  a,  permanent  and  strong 
attractive  and  repulsive  power. 

Glass  appears  to  have  the  advantage  in  exhibit- 
ing the  electric  light,  attraction,  and  repulsion  in 
quick  succession,  in  a  very  vigorous,  though  not 
-a  durable  manner.  , 

Negative  electrics,  as  amber,  gum-lac,  sulphur^ 
resin,  and  all  resinous  substances,  exhibit  the 
electric  appearances  for  the  greatest  length  q£ 
time.  A  single  excitation  is  sufficient  to  make 
them  do  so  for  many  weeks,  in-  favourable  circum- 
stances. They  are  also  remarkable  for  the  strong 
electric  powers  which  they  communicate  to  con- 
ducting bodies  that  come  in  contact  with  them, 
and  which  they  will  coatinue  to  communicate  fat 
^  GODsiderable  time. 

It  may  be  proper  to  observe  here,  that  the  two 
classes  of  electrics  and  non-electrics  are  not  sq 
^strongly  marked  by  nature,  as  to  enable  the  elec- 
trician to  arrange  every  substance  with  profuifiely : 
hence  the  same  substance  has  been  placed  by  dif^ 
ferent  writers  in  a  difTerent  class*  Besides  this^ 
tfa^  electric  properties  of  the  same  mbilMMift  wj 
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on  a  change  of  circumstances:  thus,  a  piece  of 
green  wood  is  a  conductor;  the  same  piece,  after 
it  has  been  baked,  becomes  a  non-conductor; 
charred,  and  formed  into  charcoal,  it  again  con- 
ducts the  electric  fluid;  but,  when  reduced  to 
ashes,  is  impervious  to  it.  But  further,  the  dis- 
tinctions themselves  are  very  improper,  as  every 
substance  is  to  a  certain  degree  a  conductor  of 
this  fluid. 

ELECTRICITY  IS  MATTER. 

That  electricity  is  real  matter,  and  not  a  merd 
property,  is  evident  from  a  variety  of  circum-* 
stances.  When  it  passes  between  bodies  it  di- 
vides the  air,  and  puts  it  into  those  undulations 
whidh  gives  us  the  idea,  of  sound.  It  emits  the 
rays  of  light  in  evcfy  direction,  and  those  rays  arc 
variously  refrangible  and  colorific,  as  other  light 
is:  and,  if  light  is  acknowledged  to  be  matter,  it 
is  contrary  to  reason  and  experience,  that  the 
thing  which  emits  it  should  not  likewise  be  mate- 
rial. Neither  are  the  other  senses  unaffected  at 
its  presence;  its  smell  is  strongly  phosphoreal  or 
sulphureous:  the  sense  of  feeling  is  a  witness  of 
its  presence,  not  only  from  the  sparks  which, 
when  received  from  the  conductor  of  a  powerful 
machine,  are  pungent,  and  will  pass  through  two 
or  three  persons  standing  on  the  ground,  but  alsa 
from  the  shock.-  A  stream  of  electric  matter  haa 
also  evidently  a  subacid  taste. 
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Though  the  electric  fluid  has  heen  known  and 
studied  for  many  years,  we  are  altogether  igno- 
rant of  its  real  essence  and  nature;  to  me  it  seems 
probable,  that  it  is  ^fire  or  light  connected,  with 
some  terrestrial  base.  The  analogies  between 
the  action  of  electricity  and  fire  are  very  striking; 
some  of  these  I  shall  point  out  in  the  words  of  two 
able  philosophical  writers.  Fire,  says  Mr.  Jones ^ 
is  divided  into  three  sorts,  solar^  culinary^  and  eh- 
neniary ;  the  solar  is  that  fire  which  resides  in  the 
orb  of  the  sun,  as  in  its  reservoir  or  fountain,  and 
proceeds  from  it  in  the  form  of  light.  The  culi- 
nary is  that  fire  which  is  kindled  on  earth  by  arti- 
ficial means,  and  bums  in  any  sort  of  fuel.  The 
elementary  is  that  subtile  fluid,  which  resides 
constantly  in  all  gross  bodies,  and  is  not  necessa^ 
Hly  distinguished  by  its  beat  as  culinary  fire;  by 
its  light,  as  solar  or  sidereal  fire;  but  is  known  by 
other  effects,  even  in  a  cold  invisible  state. 

If  it  be  true,  that  natural  effects  are  not  to  be 
ascribed  to  many  different  means  or  agents,  where 
fewer  will  suffice,  these  three  should  be  cbnsidered 
as  one  and  the  same  fluid,  because  they  have  the 
same  properties  and  the  same  effects.  The  solar 
fire  will  .burn  in  fuel,  and  act  in  solid  matter  with 
greater  effect  than  the  most  violent  fire  of  a  fur- 
nace. The  culinary  fire  will  promote  vegetation, 
and  ripen  fruits  like  the  sun.  The  elementary, 
or  electric  fire,  will  light  a  candle  and  fire  gun- 
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powder,  like  the  culinary;  will  afford  a  spectrum 
of  the  seven  primordial  colours,  in  common  with 
the  solar  rays,  or  the  light  of  an  ordinary  fire; 
and  will  throw  metals  into  fusion  with  a  violent 
scorching  heat.  Fire  is  brought  into  action  by 
friction,  as  well  as  electricity.  Fire  dilates  all 
bodies.  The  electric  fluid  has  also  a  dilating* 
power,  which  is  evident  from  its  action  on  a  ther- 
mometer; though,'  in  general,  the  forcS  with 
which  bodies  cohere  together  is  greater  than  the 
dilating  power  of  electricity. 

Fire  promotes  and  accelerates  vegetation  as  well 
as  germination.  Electricity,  whether  positive  or 
negative,  does  the  same. 

Electricity,  as  well  as  fire,  accelerates  evapora- 
tion. 

Fire  and  electricity  accelerate  the  motion  of  the 
blood.*  Lest  fear,  constraint,  or  attention  to  the 
experiment,  might  accelerate  the  pulse,  and  thus 
be  attributed  to  electricity,  Mr.  Archard  made 
the  experiment  on  a  dog  when  asleep,  and  always 
found,  that  the  number  of  pulsations  were  in- 
creased when  the  animal  was  electrified. 

The  experiment  made  by  ^^r.  ylrchard  on  the 
eggs  of  a  hen,  and  by  others  on  the  eggs  of  moths,- 
provcs  that  electricity,  as  well  as  heat,  frivours  the 

*  This  position  has  been  much  controverted,  and  it  seems 
clear,  from  modem  experiment,  that  simple  electricity  does  not 
accelerate  the  pulse. 
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developemcnt  of  those  animals.  The  electric 
fluid,  in  common  with  fire,  will  throw  metaIs*into 
fusion. 

If  substances  with  equal  degrees  of  heat  touch 
each  other,  the  heat  is  diffused  uniformly  between 
them.  In  the  ^ame  manner,  if  two  bodies  with 
unequal  degrees,  or  different  kinds  of  electricity, 
touch  each  other,  an  equilibrium  will  be  esta- 
blished. 

If  bodies  of  different  kinds,  and  of  equal  de- 
grees  of  beat,  are  placed  in  a  medium  of  a  diffe- 
rent temperature,  they  will  all  acquire,  at  the  end 
of  a  certain  time,  the  same  degree  of  heat.  There 
is  a  considerable  difference,  however,  in  the  space 
of  time  in  which  they  acquire  the  temperature  of 
the  medium :  ex,  gr.  metals  take  less  time  than . 
glass  to  acquire  or  lose  an  equal  degree  of  heat. 

On  an  attentive  examination  of  the  bodies 
which  receive  and  lose  their  heat  soonest,  when 
they  are  placed  in  mediums  of  different  tempera- 
ture, they  will  be  found  to  be  the  same  which 
receive  and  lose  their  electricity  with  the  greatest 
fadlity.  Metals,  which  become  warm  or  grow 
cool  the  quickest,  are  thp  substances  which  re- 
ceive and  part  with  their  electricity  soonest. 
Wood,  which  requires  more  time  to  bc^heated  or 
cooled,  receives  and  loses  electricity* slower  than 
metals.  Lastly,  glass  and  resinous  substances, 
which  receive  and  Iqsc  slowly  the  electric  fiuid. 
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acquire  ^vith  cHfFiculty   the   temperature  of  the 
incdium  which  surrounds  them. 

If  one  extremity  of  an  iron  rod  be  heated  red- 
hot,  the  other  extremity,  though  the  bar  is  several 
feet  long,  will  become  so  warm  in  a  little  time 
that  the  hand  cannot  hold  it;  because  the  iron 
conducts  heat  readily:  but  a  tube  of  glass,  only  a 
fcwijnches  long,  may  be  held  in  the  band  even 
while  the  other  end  is  melting.  The  electric 
fluid,  in  the  same  manner,  passes  with  great  velo- 
city from  one  end  of  a  rod  of  iron  to  the  other; 
but  it  is  a  considerable  time  before  a  tube  of  glass, 
at  one  end  of  which  an  excited  electric  is  held, 
will  give  electric  signs  at  the  other. 

These  observations  prove,  that  several  bodies 
that  receive  and  lose  with  difficulty  their  actual 
degree  of  heat,  receive  and  lose  also  with  diffi* 
culty  their  electricity.  To  determine  if  this  law 
is  general,  and  what  are  the  exceptions  to  it,  will 
require  a  variety  of  experiments. 

ExpKRiMENT  VII.  sheivs  us  that  the  electric 
powers  may  be  put  in  action  by  heat  and  cold;  it  was 
originally  made  by  Mr.  Canton.  He  procured 
some  thin  glass  balls,  of  about  an  inch  and  an 
half  in  diameter,  with  stems  or  tubes  about  eight 
or  nine  inches  in  length,  and  electrified  them, 
some  positively  on  the  inside,  others  negatively, 
and  then  sealed  them  hermetically;  soon  after,  he 
applied  the  naked  balls  to  his  electrometer,  and 
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coul;}  not  observe  the  least  sign  of  their  being 
electrical;  but,  hohiing  thcoi  at  the  fire,  at  the 
distance  of  five  or  six  inches,  they  became  strongly 
electrical  in  a  short  time,  and  more  so  when  they 
were  cooling.  These  balls  would,  every  time 
they*  were  heated,  give  the  electric  power  to,  or 
take  it  from  other  bodies,  according  to  the  plus 
or  minus  state  of  it  within  them.  Heating  them 
frequently  diminished  their  J)owcr,  but  keeping 
Che  of  them  under  water  a  week  did  not  in  the 
least  impair  it.  The  balls  retained  their  virtue 
above  six  years. 

The  tourmalin,  and  many  other  precious  stones, 
are  also  known  to  acquire  electricity  by  heat. 
Tl)e  tourmalin  has  always  at  the  same  time  a  po- 
sitive and  negative  electricity;  one  side  of  it  being 
in  one  state,  the  other  in  the  opposite.  The'^e 
powers  maybe  excited  by  friction  and  by  heat; 
n^y,  even  by  plunging  it  in  boiling  water.* 

Experiment  viii.  shewing  the  action  of  an 
electric  fluid  on  a  thermometer.  Insulate  a  sensible 
mercurial  thermometer,  and  place  the  bulb  be- 


*  This  curious  stone  is  ranked  ^8  a  hard  seini*pellucid  fossil ; 
is  generally  of  a  deep  red,  or  purple  colour^  about  the  size  of  a 
small  walnut;  it  is  common  in  several  parts  of  the  East  Indies^ 
particularly  in  the  island  of  Ceylon.  The  Linnaean  name  is 
l4Xfis  eUciricus ;  and,  from  its  property  of  attracting  the  ashes 
when  laid  near  the  fixe,  the  Germans  call  it  aschaUrickker. 

Edit. 
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twcen  two  balls  of  wood,  one  affixed  to  the  con- 
ductor, the  other  communicating  with  the  ground; 
and  the  electric  fluid,  in  passing  between  the  two 
balls,  will  raise  the  mercury  in  the  thermometer 
considerably.  With  a  cylinder  of  about  sevca 
inches  and  nn  half  in  diameter,  the  fluid  passing 
from  a  ball  of  lignum  vitae  to  a  ball  of  beech,  and 
thence  to  the  ground,  elevated  the  quicksilver  in 
the  thermometer  from  68°  to  110°,  repeatedly  to 
105°.  The  thermometer  was  raised  from  68°  to 
85°,  by  the  fluid  passing  from  a  point  of  box  to  a 
point  of  lignum  vitae;  from  67^  to  100°,  from  a 
point  of  box  to  a  ball  of  box;  from  66°  to  100% 
from  a  ball  of  box  to  a  brass  point;  from  69°  to 
1 00°,  from  ball  to  ball ;  the  bulb  of  the  thermo- 
meter covered  with  flannel.* 

*  The  bulb  of  the  thennometcr  must  be  quite  detached  from 
the  ^calc,  or  with  a  contrivance  to  occasionally  admit  the  scale 
at  least  three  inches  above  the  bulb,  to  be  turned  away  frooi 
the  tube.     Edit. 
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©P  THE    ELECTRICAL  MACHINE,    WITH    DIREC- 
TIONS POR  EXCITING  IT. 

As  soon  as  the  properties  of  electricity  were  in 
some  measure  developed,  the  philosopher  and  the 
artist  concurred  in  contriving  and  executing  a 
variety  of  machines  to  excite  and  accumulate  this 
extraordinary  agent.  The. greater  parfc  of  these 
have  been  laid  aside,  in  proportion  as  the  science 
advanced,  and  its  boundaries  were  extended. 
I  shall,  therefore,  only  describe  that  electric  ma- 
chine which  is  now  in  general  use,  whose  con- 
struction is  simple,  and  well  adapted  to  produce 
the  electric  fluid  in  great  quantities,  and  transmit 
it  in  full  and  continued  streams  to  the  prime 
conductor. 

That  the  operator  may  succeed  in  producing 
this  effect,  I  shall  first  enumerate  those  parts  of 
the  machine  which  require  most  attention ;  then 
describe  the  machine  itself;  and  afterwards  give 
instructions  to  enable  him  to  excite  it  powerfully. 

The   following  are  the   parts  of  an  electrical 
machine,  which  fall  more  immediately  under  the  ' 
care  of  an  electrician. 
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1  •  The  electric,  or  the  glass  cylinder,  which  is 
to  be  excited. 

2.  The  mechanical  contrivances  by  which  the 
electric  is  put  in  motion. 

3.  The  cushion  and  its  appendages. 

4.  The  conductor  or  conductors. 

Plate  1,  jff.  8,  and  the  figure  in  the  frontis-* 
piece,  represent  two  electrical  machines  made  oa 
the  most  approved  construction.  They  are  hoik 
mounted  and  used  in  the  same  manner,  and  differ 
only  in  the  mechanism  by  which  the  cylinder  is 
put  in  motion. 

The  glass  cylinder,  H  G,  of  the  machine,  which 
is  represented  in  ^g.  8,  is  put  in  motion  by  a 
simple  winch,  U,  which  is  less  complicated  tbaa 
the  multiplying  wheel,  and  therefore  not  so  liable 
to  be  out  of  order;  it  is  easier  to  manage,  and 
may,  in  proportion  to  its  size,  be  more  powerfully 
excited  than  those  with  a  multiplying  wheel. 
"Many  practical  electricians^  however,  prefer  a 
machine  which  is  moved  by  a  multiplying  wheel, 
as  it  fatigues  the  operator  less  than  that  which  is 
moved  by  a  simple  winch;  while,  at  the  same 
time,  a  moderate  increase  of  velocity  in  the  cylin- 
der is  thought  by  some  to  augment  the  momen- 
tum of  the  electric  fluid,  and  produce  a  greater 
quantity  of  it  in  the  same  time;  and  that,  when. 
the  machine  is  fixed  to  a  table,  the  position  of 
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the  lower  multiplying  wheel  is  more  advantageous 
to  the  operator,  giving  him  a  greater  power  over 
the  cylinder,  and  fatiguing  him  less:  it  may  also 
be  turned  with  the  right  hand,  which  cannot  be 
done  conveniently  with  the  other.  It  may  be 
proper  to  remark,  that  those  with  a  simple  winch 
are  somewhat  less  in  expense  than  those  with  a 
multiplying  wheel. 

ABC  represent  the  mahogany  or  wooden  basis 
of  the  machine. 

D  and  E,  the  two  perpendicular  supports,  which 
sustain  or  carry  the  glass  cylinder,  F  G  H  I. 
These  two  pillars,  for  a  more  perfect  insulation, 
are  sometimes  made  of  glass. 

The  axis  of  the  cap,  K,  passes  through  the  sup* 
port,  D;  on  the  extremity  of  this  axis  either  a 
simple  winch  is  fitted,  or  a  pulley  for  to  use  with 
the  multiplying  wheel. 

The  axis  of  the  other  cap  runs  in  a  small  hole 
which  is  made  in  the  top  of  the  support,  E. 

O  P  is  the  glass  insulating  pillar  to  which  the 
cushion  is  fixed;  T,  a  brass  screw  at  the  Jjottom 
of  this  pillar,  which  is  to  regulate  the  pressure  of 
the  cushion  against  the  cylinder.  This  adjusting 
screw  is  peculiarly  advantageous.  By  it,  the  ope- 
rator is  enabled  to  lessen  or  increase  gradually  the 
pressure  of  the  cushion;  which  it  effects  in  a 
much  neater  manner,  than  it  is  possible  to  do 
when  the  insulating  pillar,  as  in  some  machines. 


58  DESCRIPTION  OP  THE 

is  fixed  on  a  sliding  board.  The  pillar  is  some* 
times  cemented  into  a  wooden  socket,  jointed 
ivith  hinges,  and  also  moved  by  a  regulating 
screw,  T.     This  likewise  answers  very  well. 

g  h  i,  a  piece  of  silk  that  comes  from  the  under 
edge  of  the  cushion,  and  lies  on  the  cylinder, 
passing  betw^een  it  and  the  cushion,  till  it  neariy 
meets  the  collecting  points  of  the  conductor. 

YZ  represents  the^positive  prime  metallic  con- 
ductor^ or  that  which  takes  the  electric  fluid  by 
collecting  points  immediately  irom  the  cylinder; 
X»M,  the  glass  pillar  by  which  it  is  supported  and 
insulated,  and  V  X  a  wooden  foot  or  base  for  tbe 
glass  pillar.  In  general,  electrical  machines  are 
sold  with  a  single  conductor;  though  there  are 
many  experiments  where  two  are  convenient,  and 
from  some  improvements  lately  made  in  the  appa* 
ratus,  they  are  rendered  exceeding  proper  for  ex- 
perimental inquiries.* 

DESCRIPTION    OP    THE    MEDICAL    ELECTRICAI* 
MACHINE  AND  APPARATUS,  BY  THE  EDITOR. 

The  articles  shewn  in  tbe  frontispiece  represent 
a  complete  electrical  machine  and  apparatus  for 

*  A  conductor  fixed  to,  or  connected  with  the  insulated 
rubber,  is  called  the  negative  conductor 5  and,  where  negative 
electricity  is  desired,  is  indispensably  necessaiy  to  be  applied  to, 
or  connected  with,  tbe  rubber  of  the  machine.  I  have  thought 
it  proper  to  subjoin  here  a  particular  description  of  the  appa- 
ratuB  represented  in  the  frontispiece.    Edit, 
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meclicai  purposes,  as  actually  applied  in  the  prac- 
tice. AB C  is  the  mahogany  basis,  which  in  this 
machine  is  in  the  form  of  a  chest,  with  a  drawer 
to  hold  the  several  small  articles  when  not'  in  use. 
EG  HI,  the  glass  cylinder  which  should  be  at 
least  nine  iitchcs  in  diameter;  O  P,  the  glass  pillar 
insulating  the  rubber  above;  T,  the  regulating 
screw  which  acts  against  a  jointed  socket,  into 
which  the  pillar  is  cemented;  ghi,  the  flap  of 
silk;  ahy  the  pulley;  ^^/,  the  multiplying  wheel. 
There  are  several  unequal  sized  grooves  in  the 
circumferences  of  the  pulley  and  wheel,  to  suit  the 
variable  extent  of  the  catgut  band  after  much  use. 
A  simple  winch  is  sometimes  made  to  fix  on  the 
axis,  instead  of  the  pulley,  ^j  ^ ;  so  that  in  case  of 
an  accident  of  the  band  breaking,  or  at  the  plea- 
sure of  the  operator,  the  winch  only  may  be  used 
in  order  to  put  the  cylinder  into  motion.  YZ 
is  the  form  of  the  prime  metallic  conductor,  which 
in  this  figure  is  represented  of  the  T  shape,  a  form 
more  convenient  than  essential.  L  M  the  insu- 
lating  glass  pillar;  V  X,  the  wooden  foot,  like  to 
the  preceding  machine;  c  efdy  the  improved  me- 
dical bottle,  suspended  from  the  conductor  by  the 
brass  ball  and  wire  fixed  thereto;  a  b  on  the  con- 
ductor, the  discharging  electrometer,  consisting 
of  a  bent  piece  of  glass,  and  sliding  wire  and  ball 
^.  This  sliding  wire  is  useful  to  regulate  the 
degree  of  charge  given  to  the  jar  d  efd,  or  arty 
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Other  jar  applied  to  the  cpnductor,  and  from 
which  a  patient  is  to  be  electrified,  the  strength 
of  the  discharged  electricity  being  in  proportion 
to  the  distance  of  the  ball  from  the  conductor. 
Lani^  discharging  electrometer,  as  fixed  to  a  jar, 
is  shewn  at  F  E  D  G  I,  plate  5,  fig.  85 ;  but  the 
preceding  one  may  be  considered  preferable,  as  it 
serves  universally  for  >any  jar  applied  to  the  con- 
ductor, i,  /,  in  the  bands  of  the  human  figure, 
represent  two  glass  handle  directors,  connected 
with  two  conducting  wires  or  chains,  ;;i,  «.  The 
child  in  the  figure  is  represented  as  receiving  a 
small  electric  shock  in  her  right  arm,  as  far  as  from 
one  ball  to  the  other  of  the  directors,  i,  /.; 

When  the  cylinder  is  put  into  motion,  the  jar, 
cefdy  is  charged  in  an  instant  by  the  conductor 
Y  Z;  the  electric  fluid  becomes  thence  sufficiendy 
condensed  to  discharge  itself  through  the  conduc- 
tor and  air  to  the  electrometer,  a  b,  and  thence 
by  (he  chain,  w,  to  the  director  /,  entering^  the 
arm  of  the  child,  and  going  to  the  other  director 
ky  and  chain  n^  to  the  hook,  J,  or  outside  of  the 
jar.  Thus  the  electric  circuit  is  completed,  and 
the  patient  electrified;  the  repetition  of  these  dis- 
charges constitute  the  number  of  shocks,  the 
strength  of  which  is  regulated  by  the  discharging 
electrometer,  a  b.  It  is  evident,  that  wherever 
the  balls  of  the  directors  are  applied,  the  shock 
will  pass  through  tliat  part  of  the  patient  only 
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which  is  between  them.  One  chain  or  wire 
is  always  connected  to  a  director  and  outside  of  a 
jar,  and  another  director  to  the  discharging  elec- 
trometer. The  handles  of  the  directors  are  made 
of  glass,  to  insulate  the  operator  from  any  effect 
by  the  electric  fluid  in  its  circuit. 

There  is  a  small  glass  tube,  (tartly  coated  with 
tin-foil,  placed  within  the  medical  jar,  cefd;  a 
wire  passes  through  the  brass  cap,  to  communicate 
with  the  inside  of  this  tube;  another  wire  also 
passes  through  another  bole  in  the  cap,  commu- 
nicating with  the  inside  coatingof  the  jar;  so  that 
by  taking  out  either  of  these  wires,  either  the 
larger  jar  or  smaller  tube  will  be  charged,  accord- 
ing to  the  communicating  wire  left  in.  When 
the  short  wire  only  is  left  in,  the  small  charges 
given  to  the  tube  are  of  very  considerable  utility 
in  medical  practice;  the  shocks  from  it  being  of 
the  most  slender  kind,  and  cannot  ca|^se  any  dis- 
agreeable effects  or  apprehension  to  timid  patients, 
and,  by  the  electrometer,  can  be  diminished  to  a 
very  small  degree,  not  more  in  effect  than  a  sim- 
ple spark  from  the  prime  conductor  only.  When 
the  strongest  shopks  are  required,  the  wires  must 
be  left  both  in  the  tube  and  jar. 

A  drawer  is  sometimes  made  in  the  table,  in- 
stead of  one  in  the  basis  of  the  machine,  A  B  C> 
to  hold  the  auxiliary  articles.  This  table  is  some- 
times   made  in  the   form  of  a  chest  with   two 
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drawers  and  folding  doors^  so  as  to  bold  both  the 
machine  and  apparatus  when  done  with^  keeping 
them  clean  and  dry,  and  forming  a  piece  of  neat 
table  furniture  in  a  room.  But  all  these  arrange- 
ments lay  at  the  pleasure  of  the  purchaser^  and 
are  according  to  the  price  given  by  him. 

If  the  patient  is  not  to  be  electrified  by  shocks, 
but  by  sparks,  he  is  to  stand  or  be  placed  on  the 
insulated  stool,  fhfe  2,  ^g.  8,  and  simply  to  hold 
.  a  wire  or  chain  communicating  with  the  brass  ball 
and  wire  fixed  into  the  end  of  the  conductor,  a^ 
at  Y.  The  sparks  to  be  taken  from  him  by  the 
ball  of  the  balls  and  wire  shewn  at  K,  or,  if 
the  operator  objects  to  a  small  scfisation  on  him- 
self in  taking  the  sparks,  by  the  ball  and  wire 
with  the  glass  handle  K,  to  which  a  chain  or  wire 
must  be  fastened  to  communica'te  with  the  ground, 
and  along  which  the  electric  fluid  will  pass  with- 
out affecting  the  person  taking  the  sparks  in  the 
least  sensible  manner.  At  each  end  of  the  wires 
of  the  balls  and  wires,  shewn  at  N  and  K,  are 
brass  and  wooden  points,  to  be  used  for  taking 
fine  streams  of  the  electric  fluid  of  different  den-, 
tities  from  the  eyes,  and  from  patients  when  the 
sparks  might  be  too  pungent  or  irritiiting. 

Q  is  a  representation  of  an  instrument  made  of 
glass^  with  a  sliding  wire  and  point,  and  is  found 
a  very  convenient  article  to  take  the  electric 
stream  or  aura  from  an  eye  of  a  patient.     Th« 
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Wire  is  to  be  connected  with  the  chain  or  wire 
coanected  with  the  conductor,  or  simply  held  in 
the  hand  when  the  patient  is  placed  upon  the 
insulated  stool.  The  strength  of  the  sparks  or 
aura  will  be  according  to  the  degree  of  excitation 
of  the  glass  cylinder,  and  the  clean  and  dry  state 
of  the  rest  of  the  apparatus, 

PIBECTIONS  FOR  KEEPING  THE  MACHJNl^ 

IN  ORDER. 

I 

Before  the  electrical  machine  is  put  in  motion, 
examine  those  parts  which  are  liable  to  wear, 
either  from  the  friction  of  one  surface  a^rainst  ano- 
ther,  or  to  be  injured  by  the  dirt  that  may  insinii- 
SLte  itself  between  the  rubbing  surfaces. 

If  any  grating  or  disagreeable  noise  i§  heard, 
the  place  from  whence  it  proceeds  must  be  disco- 
vered, wiped  clean,  and  rubbed  over  with  a  small 
quantity  of  tallow:  a  little  sweet  oil  or  tallow 
should  also  occasionally  be  applied  to  the  axis  of 
the  cylinder;  for  which  purpose,  there  are  usually 
two  screws  at  the  top  of  the  pillar  D,  which, 
when  unscrewed,  disengage  a  wooden  piece,  and 
cause  the  axis  to  be  freed  from  its  supports. 

The  screws  that  belong  to  the  frame  should  be 
examined,  and  if  they  are  loose,  they  should  be 
tightened. 

The  different  working  parts  of  the  machine 
liaving  been  looked  into  and  put  in  order,  the 
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glass  cylinder,  and  the  pillars  which  support  thd 
cushion  and  conductor  should  be  carefully  wiped 
with  a  dry  warm  old  silk  h^indkerchief,  to  free 
them  from  the  moisture  which  glass  attracts  from 
the  air;  being  particularly  attentive  to  leave  no 
moisture  at  the  ends  of  the  cylinder,  as  any  damp 
on  these  parts  carries  off  the  electric  fluid,  and 
lessens  the  force  of  the  machine.  In  very  damp 
weather,  or  when  the  machine  has  been  laid  aside 
for  some  time,  it  will  be  proper  to  dry  and  warm 
the  whole  machine,  by  placing  it  before,  but  also 
at.  some  distance  from  the  fire. 

Take  care  that  no  dust,  loose  threads^  or  fila- 
ments, adhere  to  the  cylinder,  its  frame,  the  con- 
ductors, or  their  insulating  pillars;  because  these 
will  gradually  dissipate  the  electric  fluid,  and  pre- 
vent the  machine  from  acting  powerfully. 

Rub  the  glass  cylinder  first  with  a  clean,  coarse, 
dry,  warm  cloth,  or  a  piece  of  wash  leather,  and 
then  with  a  piece  of  dry,  warm,  soft  silk;  do  the 
same  to  all  the  glass  insulating  pillars  of  the  ma- 
chine and  apparatus.  Varnished  glass  pillars  must 
be  rubbed  more  lightly  than  the  cylinder  or  un- 
varnished glass.  Glass  varnished  is  less  suscep- 
tible, of  moisture. 

A  hot  iron  may  in  some  cases  be  placed  on  the 
foot  of  the  conductor,  to  evaporate  the  moisture 
which  would  otherwise  injure  the  experiments. 
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O^    THE    CIHCUMSTAINCES     NECESSARY    TO    B I&      ' 
ATTENDED     TO,     IN      ORDER     TO     EXCITE     A 
LARGE  QUANTITY  OF  THE    ELECTRIC  FLUID. 

In  order  to  find  out  an  effectual  mode  of  ex- 
citing powerfully  an  electrical  machin^,  it  is  ne- 
cessary to  frame  some  idea  of  the  mechanism  by 
which  the  cylinder  extracts  the  electric  fluid  from 
the  cushiqn,  and  those  bodies  which  arc  con- 
nected with  it;  I  have,  therefore,  subjoined  those 
conjectures  on  which  I  have  worked,  and  by 
which  I  have  been  able  to  excite,  in  the  most 
powerful  manner,  the  machines  which  have  passed 
through  my  hands;  setting  out  on  this  suppo- 
sition, thai  the  friction  i§  between  an  electric  and 
non-electric,  and  that  the  circumstances  are  the 
most .  favQurable  when  these  are  the  most  perfect 
,of  thoir  kind. 

It  is  probable  that  the  resistance  of  the  air  is 
lessened,  or  a  kind  of  vacuum  is  produced,  where 
the  cushion  is  in  close  contact  with  the  cylinder; 
that  the  electric  matter,  agreeable  to  the  law  ob- 
served by  all  other  elastic  fluids,  is  pressed  to- 
wards that  part  where  it  finds  least  resistance:  the 
same  instant,  therefore,  that  the  cylinder  is  sepa- 
rated from  the  cushion,  the  fire  issues  forth  in 
abundance,  because  the  resistance  made  to  it  by 
the  action  of  the  atmosphere  is  Ussened  at  that 
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part.  A  further  circumstance  is  also  to  be  taken 
into  this  hypothesis,  namely,  the  effect  which 
arises  from  the  destruction  of  the  attraction  or 
cohesion  between  the  cylinder  and  cushion.  The 
more  perfect  the  continuity  is  made,  and  the 
quicker  the  solution  of  it,  the  greater  is  the  quan- 
tity which  will  proceed  from  the  cushion.  But, 
as  the  fluid  in  this  situation  will  enter  with  avidity 
every  conducting  substance  that  is  near  it,  if  any 
amalgam  lies  above  that  part  of  the.  cushion  which 
is  in  contact  with  the  cylinder,  it  will  absorb  and 
carry  back  part  of  the  electric  fire  to  the  reservoir 
from  whence  it  was  extracted.* 

If  these  conjectures  be  true,  to  excite  an  elec- 
trical machine  effectually,  we  must, 

1.  Find  out  those  parts  of  the  cushion  which 
are  pressed  by  the  glass  cylinder. 

2.  Apply  the  amalgam  only  to  those  parts. 

3.  Make  the  line  of  contact  between  the  cylin- 
der and  cushion  as  perfect  as  possible. 


*  The  glass  cylinders,  as  made  at  the  glass  manufactories, 
are  generally  somewhat  irregular  -on  their  surfaces,  and  more 
generally  of  unequal  diameters  at  their  ends.  Some  years  ago 
I  contrived  a  plain  bent  metallic  spring,  to  act  between  two 
narrow  flat  boards,  to  which  the  stuffed  cushion  is  ^lued;  which 
has  been  found  to  yield  to  the  several  irregularities  in  the  cy- 
linder while  in  motion,  and  yet  keep  a  constant  and  steady 
pressure  on  its  surface.  We  now  in  general  apply  it  to  all  the 
machines  of  our  construction.    £j>it. 
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4.  Prevent  the  fire  that  is  collected  from  escap- 
ing. 

About  the  year  1772,  I  applied  a  loose  flap  of 
leather  to  the  front  of  the  cushion;  the  amalgam 
was  spread  over  the  whole  of  the  flap;  the  cushion 
was  then  put  in  its  place^  and  the  loose  flap  of 
leather  doubled  down,  or  rather  turned  in,  more 
or  less,  till  by  successive  experiments  that  situa- 
tion was  discovered  which  produced  the  greatest 
effect:  for,  by  this  means,  the  quantity  of  amal- 
gam acting  against  the  cylinder  was  lessened,  and 
the  true  line  of  contact  in  some  measure  ascer- 
tained.  Hence  I  was  naturally  led  to  contract 
the  breadth  of  the  cushion,  a  circumstance  which 
has  been  since  universally  adopted  by  all  electri- 
cians; and  thus,  much  of  the  trouble  to  which  we 
were  formerly  obliged  to  submit^  is  done  away. 

The  amalgam  is  to  be  placed  on  that  part  of 
the  silk  flap  which  bears  against  the  cushion ;  the 
cylinder  is  to  be  rubbed  with  a  piece  of  leather 
which  is  covered  with  amalgam,  which  will  ren- 
der the  contact  between  the  cylinder  and  cushion 
more  perfect,  because  it  fills  the  smaller  pores  of 
the  glass  with  amalgam,  and  deposits  the  super- 
fluous particles  on  the  cushion.  When  the  cy-. 
Under  is  rubbed  with  the  amalgamed  leather,^ 
that  part  of  th^  oiled  or  black  silk  which  lies  above 
the  cushion  is  to  be  turned  back;  and  if  by  acci- 
dent any  particles  of  amalgam  stick  to  it,  they 

£  2 
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must  be  wiped  off  carefully.  If  the  machine  has 
not  been  used  for  some  time",  it  will  be  proper  to 
place  it  for  a  few  minutes  before  a  fire,  and  to 
take  off  the  cushion  and  dry  the  silk  thereof. 

If  the  electricity  of  the  cylinder  grows  less 
powerful,  it  is  easily  renewed  by  rubbing  the  cy- 
linder with  the  amalgamed  leather,*  or  by  occa- 
sionally altering  the  pressure  of  the  rubber  before 
described  on  the  cylinder,  by  turning  the  adjust- 
ing screw. 

A  very  small  quantity  of  tallow  placed  over  the 
amalgam^  is  observed  to  give  more  force  to  the 
electric  powers  of  the  cylinder;  the  same  end  is 
answered  by  rubbing  the  cylinder  with  a  coarse 
cloth  that  has  been  greased  a  little,  and  afterwards 
wiping  it  with  a  clean  cloth.-f- 

Experiment  ix.  When  the  cylinder  is  put 
into  good  action,  a  number  of  circular  lines  of 

*  A  round  piece  of  leather,  about  two  or  three  inches  in 
diameter,  glued  on  a  piece  of  pasteboard  about  ^our  indies  in 
diameter;  on  this,  a  little  tallow  and  some  amalgam  must  be 
previously  spread :  then  the  whole  becomes  an  useful  article  to 
hold  in  the  hand,  and  apply  to  the  cylinder  while  in  tnotion^ 
when  necessary.    Edit. 

*|-  I  think  it  proper  to  observe  here,  that  if  a  machine  is  kept 
in  a  dry  room,  fnee  of  dust  and  damp,  it  is  scarcely  necessary 
to  do  more  than  wipe  and  warm  it  somewhat  before  a  fire,  and 
apply  the  amalgamed  leather  to  the  cylinder,  or  spread  som^ 
amalgam  on  the  leather  of  the  cushion.    £pit. 
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fire  will  issue  from  the  cushion;  present  a  row  of 
metallic  points  towards  these,  and  they  will  dis- 
appear. This  experiment  shews,  the  conducting 
substance  collects  the  electric  fluid  before  it  can 
take  those  appearances,  or  be  dissipated  into  the 
air. 

Hence  we  learn,  that  to  prevent  a  loss  of  the 
electric  fluid  which  is  excited,  we  must  prevent 
the  air  from  acting  on  the  fluid  which  is  put  in 
motion  by  the  excitation;  because  the  air  not  only 
resists  the  emission  of  the  fluid,  but  also  dissipates 
what  is  collected  on  account  of  the  conducting 
substances  which  are  continually  floating  in  it. 

These  ends  are  effectually  answered,  by  letting 
a  non-conducting  substance,  as  a  piece  of  black 
or  oiled  silk,  proceed  from  the  line  of  contact  to 
the  collecting  points  of  the  prime  conductor,  and 
placing  these  points  within  its  atmosphere.  The 
streams  of  Are,  which  proceed  from  the  cushion 
over  the  cylinder,  shew  whether  the  cushion  bears 
uniformly  against  the  cylinder;  for  they  are  most 
copious  and  dense  at  those  parts  where  the  pres- 
sure is.  greatest,  but  are  unifi^rmly  dense  when 
the  pressure  is  equable. 

When  the  zinc  amalgam  is  used,  the  silk  will 
sometimes  adhere  so  strongly  to  the  cylinder,  as 
to  render  it  very  difiicult  to  turn.  ,  To  obviate 
this,  wipe  the  silk  perfectly  clean,  and  then  nib 
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it  over  with  a  very  small  qnatitity  of  aarum  rnvt-- 
sivum,*  or  a  little  whiting. 

The  operator  ought  not  to  think  his  machine 
in  good  order,  till  it  pours  forth  the  fire  in  great 
abundance,  and  strong  dense  sparks  are  obtained 
in  quick  succession  from  the  conductor.  When 
the  conductor  is  removed,  the  fire  should  sprinkle 
round  the  cylinder,  and  throw  out  many  beautiful 
brushes  of  light. 

Two  kinds  of  amalgam  are  much  in  request  at 
present.  One  is  made  of  quicksilver  five  parts, 
zinc  one  part,  which  are  melted  together  in  an 
iron  ladle  with  a  small  quantity  of  bees- wax  :^  the 
other  is  the  aurum  musivum  of  the  shops.  To 
make  eithdr  amalgam  adhere  closely  to  the  silk,  it 
is  necessary  to  grease  it,  wipe  off  the  superfluous 
grease,  and  then  spread  the  amalgam. 

The  following  experiment  seems  to  illustrate 
and  confirm  the'  foregoing  conjectures  on  the 
mechanism  by  which  the  fluid  is  extracted  from 
the  cushion,  and  those  bodies  which  are  con* 
nccted  with  it. 


*  The  objection  I  make  to  this  drug  is,  that  it  is  somewhat 
offensive  in  smell,  and  disagreeable  to  the  hands  and  articles 
with  which  it  may  happen  to  be  in  contact.     £dit. 

f  See  Dr.  Higgins's  method  noticed  by  Mr.  Nkhohon,    im 
paragraph  22,  of  the 'following  section.    £dit. 
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Experiment  x.     On  the  effects  of  a  solution  of 
continuity.    Break  a  stick  of  sealing*wax  in  two 
pieces;    those  extremities  that  were  contiguous 
will  be  found  electrified  with  contrary  powers; 
one  will  be  positively,  the  other  negatively,  elec- 

r 

trifled. 

Since  the  third  edition  of  this  work,  Mr.  Ni- 
cholson has  made  many  experiments  on  the  nature 
of  excitation,  and  on  the  most  efHcacious  me- 
thods of  exciting  an  electric  machine  powerfully ; 
they  were  communicated  to  the  Royal  Society, 
and  read  before  them,  June  25,  1789,  and  have 
since  been  published  in  the  Philosophical'  Trans- 
actions; I  have,  therefore  thought  it  a  duty  to 
add  them  to  this  edition  of  the  work,  as  contain- 
ing much  important  matter. 

« 

BXPERIMBNtS  AKD  OBSERVATIONS  ON  THE 
EXCITATION  OF  ELECTRICITY,  BY  WILLIAM 
NICHOLSON. 

ON  THE  EXCITATION  OFELECTRICITY. 

1.  A  glass  cylinder  was  mounted,  and  a  cushion 
applied  with  a  silk  flap,  proceeding  from  the 
edge  o^  the  cushion  over  its  surface,  and  thence 
half  round  the  cylinder.  The  cylinder  was  then 
excited  by  applying  an  amalgamed  leather  in  the 
usual  manner.     The  electricity  was  received  by  a 
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conductor,  and  passed  off  in  sparks  to  Lane\  elec- 
trometer.    By  the  frequency  of  these  sparks,  or 
by  the  number  of  turns  required  to  cause  the 
spontaneous  explosion  of  a  jar,  the  strength  of  the  . 
excitation  was  ascertained. 

2.  The  cushion  was  withdrawn  about  one  inch 
from  the  cylinder,  and  the  excitation  performed 

-  by  the  silk  only.  A  stream  of  fire  was  seen  be- 
tween the  cushion  and  the  silk;  and  much  fewer 
sparks  passed  between'  the  balls  of  the  electro- 
meter. 

3.  A  roll  of  dry  silk  was  interposed,  to  prevent 
ths  stream  from  passing  between  the  cushion  and 
the  silk.  Very  few  sparks  then  appeared  at  the 
electrometer. 

4.  A  metallic  rod,  not  insulated,  was  then  in- 
terposed, instead  of  the  roll  of  silk,  so  as  not  to 
touch  any  part  of  the  apparatus.  A  dense  stream 
of  electricity  appeared  between  the  rod  and  the 
silk,  and  the  conductor  gave  very  many  sparks. 

5.  The  kn6b  of  a  jar  being  substituted  in  the 
place  of  the  metallic  rod,  it  became  charged  ne- 
gatively. 

6.  The  silk  alone,  with  a  piece  of  tin-foil  ap- 
plied behind  it,  afforded  much  electricity,  though 
less  than  when  the  cushion  was  applied  with  a 
light  pressure.  The  hand,  being  applied  to  the 
silk  as  a  cushion,  produced  a  degree  of  excitation 
eeldom  equalled  by  any  otHer  cushion. 
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7.  The  edge  of  the  hand  answered  as  well  as 
the  palm. 

8.  When  the  excitation  by  a  cushion  was  weak, 
;  a  line  of  light  appeared  at  the  anterior  part  of  the 

cushion,  and  the  silk  was  strbngly  disposed  to  re- 
ceive electricity  from  any  uninsulated  conductor. 
These  appearances  did  not  obtain  when  the  exci* 
tation  was  by  any  means  made  very  strong. 

Q.    A   thick  silk,   or  two  or   more   fdd^   of' 
silk,  excited  worse  than  a  single  very  thin  flap. 
The  silk  which   the  milleners  call  Persian  waa 
used. 

10.  When  the  silk  Waft  separated  froni  the  cy- 
linder, sparks  passed  between  them ;  the  silk  was 
found  to  be  in  a  weak  negative,  and  the  cylinder 
in  a  positive  state. 

TheToregoing  experiments  shew  that  the  office 
of  the  silk  is  not  merely  to  prevent  the  return  of 
electricity  from  the  cylinder  to  the  cushion,  but 
that  it  is  the  chief  agent  in  the  excitation;  while 
the  cushion  serves  only  to  supply  the  electricity, 
and  perhaps  increase  the  pressure  at  the  entering 
part.  There  likewise  seems  to  be  little  reason  to 
doubt,  but  that  the  disposition  of  the  electricity 
to  escape  from  the  surface  of  the  cylinder  is  not 
prevented  by  the  interposition  of  the  silk,  but  by 
a  compensation  after  the  manner  of  a  charge;  the 
/^ilk  being  then  as  strongly  negative  as  the  cylinder 
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18  positive:*  and  lastly,  that  the  line  of  light  be- 
tween  the  silk  and  cushion,  in  weak  excitations, 
does  not  consist  of  returning  electricity,  but  of 
electricity  which  passes  to  the  cylinder,  m  con- 
sequence of  its  not  having  been  sufficiently  sup- 
plied, during  its  contact  with  the  rubbing  surface. 

1 1 .  When  the  excitation  was  very  strong  in  a 
cylinder  newly  mounted,  flashes  of  light  were 
seen  to  fly  across  its  inside,  from  the  receiving 
surface  to  the  surface  in  contact  with  the  cushion^ 
as  indicated  by  the  brush  figure.  These  made 
the  cylinder  ring,  as  if  struck  with  a  bundle  of 
small  twigs.  They  seem  to  have  arisen  from  part 
of  the  electricity  of  the  cylinder  taking  the  forrti 
of  a  charge.  This  ajppearance  was  observed  in  a 
nine-inch  and  a  twelve-inch  cylinder,  and  the 
property  went  off  in  a  few  weeks.  Whence  it 
appears  to  have  been  chiefly  occasioned  by  the' 
rarity  of  the  internal  air,  produced  by  handling, 
and  probably  restored  by  gradual  leaking  of  the 
cement. 

12.  With  a  view  to  determine  what  happens 
in  the  inside  of  the  cylinder,  recourse  was  had  to 
a  plate  machine.  One  cushion  was,  applied  with 
its  silken  flap.     The  plate  was  nine  inches  in  dia- 

*  The  powers  are  always  separated  in  excitation.    See  Eelcs^ 
system.    G«  A. 
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meter,  and  two-tenths  of  an  ineh  thick.  During 
the  excitation,  the  surface  opposite  the  cushion 
strongly  attracted  electricity,  which  it  gave  out 
when  it  arrived  opposite  the  extremity  of  the  flap. 
So  that  a  continual  stream  of  electricity  passed 
through  an  insulated  metallic  bow  terminating  in 
balls,  which  were  opposed,  the  one  to  the  surface 
opposite  the  extremity  of  the  silk,  and  the  other 
opposite  the  cushion;  the  former  ball  shewing 
positive,  and  the  latter  negative  signs.  The 
|:nobs  of  two  jars  being  substituted  in  the  jJace  of 
these  balls,  the  jar,  applied  to  the  surface  opposed 
to  the  cushion,  was  charged  negatively,  and  the 
other  positively.  This  disposition  of  the  back 
surface  seemed,  by  a  few  trials,  to  be  weaker  the 
stronger  the  action  of  the  cushion,  as  judged  by 
the  electricity  on  the  cushion  side. 

Hence  It  follows,  that  the  internal  surface  of  a 
cylinder  is  so  far  from  being  disposed  to  give  out 
electricity  during  the  friction  by  which  the  ex- 
ternal surface  acquires  it,  that  it  even  greedily 
attracts  it. 

13.  A  plate  of  glass  was  applied  to  the  revolv- 
ing plate,  and  thrust  under  the  cushion  in  such  a 
manner  as  to  supply  the  place  of  the  silk  flap.  It 
rendered  the  electricity  stronger,  and  appears*  to 
be  an  improvement  of  the  plate  machine;  to  be 
admitted,  if  there  were  not  essential  objections 
against  the  machine  itself. 
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14.  Two  cushions  were  then  applied  on  the 
opposite  surfaces  with  their  silk  flaps,  so  as  to 
clasp  the  plate  between  them.  The  electricity 
was  received  from  both,  by  applying  the  finger 
and  thumb  to  the  opposite  surfaces  of  the  plate. 
When  the  finger  was  advanced  a  little  towards  its 
correspondent  cushion,  so  that  its  distance  was 
less  than  between  the  thumb  and  it&  cushion,  the 
finger  received  strong  electricity,  and  the  thumb 
none;  and,  contrariwise,  if  the  thumb  were  ad* 
vanced  beyond  the  finger,  it  received  all  the  dec- 
tricity,  and  none  passed  to  the  finger.  This 
electricity  was  not  stronger  than  was  produced  by 
the  good  action  of  one  cushion  applied  singly. 

15.  The  cushion  in  par.  12,  gave  most  electri- 
city when  the  back  surface  was  supplied,  provided 
that  surface  was  suffered  to  retain  its  electricity 
till  the  rubbed  surface  bad  given  out  its  electri- 
city.    . 

From  the  two  last  paragraphs  it  appears,  that 
no  advantage  is  gained  by  rubbing  both  surfaces; 
but  that  a  well-managed  friction  on  one  surface 
will  accumulate  as  much  electricity  as  the  present 
methods  of  excitation  seem  capable  of  collecting; 
but  that,  when  the  excitation  is  weak,  on  account 
of  the  electric  matter  not  passing  with  sufficient 
facility  on  the  rubbed  surface,  the  friction  enables 
the  opposite  surface  to  attract  or  receive  it,  and 
if  it  be  supplied,  both  surfaces  will  pass  off  in  the 
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positive  state;  and  either  surface  will  give  out 
more  electricity  than  is  really  induced  upon  it^ 
because  the  electricity  of  the  -opposite  surface 
forms  a  charge.  It  may  be  necessary  to  observe, 
that  we  are  speaking  of  the  facts  or  effects  pro- 
duced by  friction ;  but,  how  the  rubbing  surfaces 
act  upon  each  other  to  produce  them,  whether  by 
attraction,  or  otherwise,  is  not  here  the  subject  of 
inquiry. 

It  will  hereafter  be  seen,  that  plate  machines 
do  not  collect  more  electricity  than  cylinders,  in 
the  hands  of  the  electrical  operators  of  this  metro- 
polis, do  with  half  the'rubbed  surface;  which  is  a 
r corroboration  of  the  inference  here  made. 

16.  When  a  .cylinder  is  weakly  excited,  the 
appearances  mentioned  in  par.  8,  are  more  evident 
the  more  rapid  the  turning.  In  this  case,  the 
avidity  of  the  surface  of  the  cylinder  beneath  the 
silk  is  partly  supplied  from  the  edge  of  the  silk 
which  throws  back  a  broad  cascade  of  fire,  some- 
times to  the  distance  of  above  twelve  inches. 
From  these  causes  it  is  that  there  is  a  determinate 
velocity  of  turning  required  to  produce  the  maxi- 
mum of  intensity  in  the  conductor.  The  stronger 
the  excitation,  the  quicker  may  be  the  vdbcityj 
but  it  rarely  exceeds  five  feet  of  the  glass  to  pass 
the  cushion  in  a  second. 

17.  If  a  piece  of  silk  be  applied,  to  a  cylinder, 
by  drawing  down  the  ends,  s|o  that  it  may  totiah 
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half  t-be  circumference,  and  the  cylinder  be  then 
turned  and  excited  by  applying  the  amalgamed 
leather,  it  will  become  very  grecjdy  of  electricity 
during  the  time  it  passes  under  the  silk. .  And  if 
the  entering  surface  of  the  glass  be  supplied  with 
electricity,  it  will  'give  it  out  at  the  other  extre- 
mity of  contact;  that  is  to  si^y,  if  insulated  con- 
ductors be  applied  to  the  touching  ends  of  the 
silk,  the  one  will  give,  and  the  other  receive  elec- 
tricity, until  the  intensities  of  their  opposite  states 
are  as  high  as  the  power  of  the  apparatus  cao 
bring  them ;  and  these  states  will  be  instantly  re« 
versed  by  turning  the  cylinder  in  the  opposite 
direction. 

As  this  discovery  promises  to  be  of  the  greatest 
use  in  electrical  experiments^  because  it  affords 
the  means  of  producing  either  the  plus  or  minus 
states  in  one  and  the  same  conductor,  and  of 
instantly  repeating  experiments  with  either  power^ 
and  without  any  change  of  position  or  a<^ustment 
of  the  apparatus,  it  evidently  deserved  the  most 
minute  examination. 

18.  There  was  little  hope  (par.  6)  that  cushions 
could  be  dispensed  with.  They  were  therefore 
added;  and  it  was  then  seen,  that  the  electrified 
conductors  were  supplied  by  the  difference  be- 
tween the  action  of  the  cushion  which  bad  the 
advantage  of  the  silk  and  that  which  had  not;  so 
thftt  the  naked  face  of  the  cylinder  was  always  in 


a  strong  electric  state.  Methods  were  used  for 
taking  ofF  the  pressure  of  the  nbceiving  cushion ; 
but  the  extremity  of  the  silk,  by  the  construction, 
not  being  immediately  under  the  cushion,  gave 
out  large  flashes  of  electricity  with  the  power  that 
was  used.  Neither  did  it  appear  practicable  to 
present  a  row  of  points,  or  other  apparatus,  to 
intercept  the  electricity  which  flew  round  th^ 
cylinder;  because  such  an  addition  would  have 
materially  diminished  the  intensity  of  the  conduc- 
tor, which  in  the  usual  way  was  such  as  to  flash 
into  the  air  from  rounded  extremities  of  four 
inches  diameter,  and  made  aa  inch  and  half  ball 
became  luminous  and  blow  like  a  point.  But  the 
greatest  inconvenience  was,  that  the  two  states 
with  the  backward  and  forward  turn  were  seldom 
equal;  because  the  disposition  of  the  amalgam  on 
the  silk,  produced  by  applying  the  leather  to  the 
cylinder  in  one  direction  of  turning,  was  the  re- 
verse of  what  must  take  place  when  the  contrary 
operation  was  performed. 

Notwithstanding  all  this,  as  the  intensity  with 
the  two  cushions  was  such  as  most  operators  would 
bave  called  strong,  the.  method  may  be  of  use. 

19.  The  more  immediate  advantage  of  this  dis- 
covery is,  that  it  suggested  the  idea  of  two  fixed 
cushions  with  a  moveable  silk  flap  and  rubber. 
Upon  this  principle,  which  is  so  simple  and  ob- 
vious, that  it  is  wonderful  it  should  have  been  90 
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long  overlooked,  a  machine  was  constructed  by 
Mr.  Nicholson  with  one  conductor,  in  which  the 
two  opposite  and  equal  states  are  produced  by  the 
simple  process  of  loosening  the  leather  rubber, 
and  letting  it  pass  round  with  the.  cylinder,  to 
which  it  adheres,  until  it  arrives  at  the  opposite 
side,  whcrq  it  is»again  fastened*  A  wish  to  avoid 
prolixity  prevented  his  describing  the  mechanism 
by  which  it  is  let  go  and  fastened  in  an  instant^  at 
the  same  time  that  the  cushion  is  made  either  to 
press  or  is  withdrawn,  as  occasion  requires* 

20.  Although  the  foregoing  series  of  experi- 
ments naturally  lead  us  to  consider  the  silk  as  the 
chief  agent  in  the  excitation;  yet,  as  this  business 
was  originally  performed  by  a  cushion  only,  it  be- 
comes an  object  of  inquiry  to  determine  what 
happens  in  this  case. 

21.  The  great  Beccaria*  inferred,  that  in  a 
Simple  cushion,  the  line  of  fire,  which  is  seen  at 
the  extremity  of  contact  from  which  the  surface  of 
the  glass  recedes,  consists  of  returning  electricity ; 
and  Dr.  Nooth  grounded  his  happy  invention  of 
the  silk  flap  uppn  the  same  supposition.  The 
former  asserts,  that  the  lines  of  light  both  at  the 
entering  and  departing  parts  of  the  surface  are 
absolutely  similar;  and  thence  infers,  that  the. 
cushion  receives  on^  the  one  side  as  it  certainly 

.  *•  Philosophical  Tranfcactfons,  vol.  ki.  g.  U7« 
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does  on  the  other*  Mr.  Nicholson  finds,  however, 
that  the  fact  is  directly  contrary  to  this  assertion, 
and  that  the  opposite  inference  ought  to  be  made, 
as  far  as  this  indication  can  be  reckoned  conclu- 
sive; for  the  entering  surface  exhibits  many  lumi- 
nous perpendiculars  to  the  cushion,  and  the  de- 
parting surface  exhibits  a  neat  uniform  line  of 
light.  This  circumstance,  together  with  the  con- 
sideration that  the  line  of  light  behind  the  silk  in 
par.  8,  could  not  consist  of  returning  electricity^ 
shewed  the  necessity  of  farther  examination* 
Mr.  Nicholson  therefore  applied  the  edge  of  thQ 
hand  as  a  rubber,^  and  by  occasionally  bringing 
forward  the  palm,  he  varied  the  quantity  of  elec-- 
triciity  which  passed  near  the  departing  surface. 
When  this  was  the  greatest,  the  sparks  at  the 
electrometer  were  the  most  numerous.  But,  as 
the  experiment  was  liable  to  the  objection,  that 
the  rubbing  surface  was  variable,  Mr.  Nicholson 
pasted  a  piece  of  leather  upon  a  thin  flat  piece  of 
wood,  then  amalgamed  its  whole  surface,  and  cut 
its  extremity  off  in  a  neat  right  line  close  to  the 
wood.  This  being  applied  by  the  constant  action 
of  a  spring  against  the  cylinder,  produced  a  weak 
excitation,  and  the  line  where  the  contact  of  the 
cylinder  and  leather  ceased,  as  abruptly  as  possi- 
ble, exhibited  a  very  narrow  fringe  of  light. 
Another  piece  of  wood  was  prepared  of  the  same 
tvidth  as  the  rubber,  but  one  quarter  of  an  inch 
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thick,  with  rts  edges  rounded,  and  its  whole  sur-^ 
face  covered  with  tin-foiL  This  was  laid  on  the 
back  of  the  rubber,  and  was  there  held  by  a  small 
spring,  in  such  a  manner  as  that  it  could  be  slided 
on\^ard,  so  as  occasionally  to  project  beyond  the 
rubber,  and  cover  the  departing  and  excited  sur* 
face  of  the  cylinder,  without  touching  it  The 
sparks  at  the  electrometer  were  four  times  as  nu- 
merous when  this  metallic  piece  was  thus  pro- 
jected; but  no  electricity  was  observed  to  pass 
between  it  and  the  cylinder.  The  metallic  piece 
was  then  held  in  the  hand  to  regulate  its  distance 
from  the  glass;  and  it  was  found,  that  the  sparks 
at  the  electrometer  increased  in  number  as  it  was 
brought  nearer,  until  light  appeared  between  the 
metal  and  the  cylinder,  at  which  tinie  they  be^ 
came  fewer  the  nearer  it  was  brought,  and  at  last 
ceased  when  it  was  in  contact. 

The  following  conclusions  appear  to  be  dedu- 
cible  from  these  experiments.  1.  The  line  of  light 
on  a  cylinder  departing  from  a  simple  cushion 
consists  of  returning  electricity.  2.  The  prcgect- 
ing  part  of  the  cushion  compensates  the  electricity 
upon  .the  cylinder,  and  by  diminishing  its  inten-- 
sity,  prevents  its  striking  back  in  such  large  quan- 
tities as  it  would  otherwise  do.  3.  That  if  there  • 
were  no  such  compensation,  very  little  of  the  ex- 
cited electricity  will  be  carried  off;  and,  4,  That 
the  compensation  is  diminished^  or  the  intensity 


OP  ELfiCTRtCItir*  83 

increased^  in  an  higher  ratio  than  that  of  the  dis- 
tance  of  the  compensating  substance;  because  if 
It  were  not,  the  electricity  which  has  been  carried 
off  from  an  indefinitely  small  distance,  would 
never  fly  back  from  a  greater  distance  and  front 
the  edge  of  light. 

22.  Mr.  Nicholson  hopes  the  considerable  ir\ten- 
sity  he  speaks  of  will  be  an  apology  for  describing 
the  manner  in  which  it  was  produced,  wishing  the 
theory  of  this  very  obscure  process  were-  better 
known;  but  no  conjecture  is  worth  mentioning. 
The  method  is  as  follows: 

Clean  the  cylinder,  and  wipe  the  silk* 

Grease  the  cylinder  by  turning  it  against  a 
greased  leather  till  it  is  uniformly  obscured.  The 
tallow  of  a  candle  was  used. 

Turn  the  cylinder  till  the  silk  flap  has  wiped  off" 
IK>  much  of  the  grease,  as  to  render  it  semi--trans-^ 
parents 

Put  ^me  amalgam  on  a  piece  of  leather,  and 
spread  it  well>  so  that  it  may  be  uniformly  bright* 
Apply  this  against  the  turning  cylinder.  Th^ 
friction  will  immediately  increase,  and  the  leather 
mu^t  not  be  removed  until  it  ceases  to  become 
greater. 

Riemove  the  leather,  and  the  action  of  the 
machine  will  be  very  strong. 

The  rubber,  as  before  observed,  consists  of  tho 
flap  pasted  to  a  leather,  and  the  cushion  i$ 

F  2 
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pressed  against  the  silk  by  a  slender  spiral  spring 
in  the  middle  of  its  back.  The  cushion  is  loosely 
retained  in  a  groove,  and  rests  against  the  spring 
only^  in  such  a  manner,  that  by  a  sort  of  libration 
upon  it  as  a  fulcrum,  it  adapts  itself  to  all  the 
irrcgulariiics.of  the  cylinder,  and  never  fails  to 
touch  in  its  whole  length.  There  is  no  adjust- 
ment to  vary  the  pressure,  because  the  pressure 
cannot  be  too  small  when  the  excitation  is  pro- 

I 

perly  made.  Indeed,  the  actual  withdrawing  of 
the  cushion  to  the  distance  of  one-tenth  of  an 
inch  from  the  silk,  as  in  par.  2,  will  not  materi- 
ally affect  a  good  excitation. 

The  amalgam  is  that  of  Dr.  Higglns,  composed 
of  zinc  and  mercury.  If  a,  little  mercury  be  added 
to  melted  zinc,  it  renders  it  easily  pulverable,  and 
more  mercury  may  be  added  to  the  powder  to 
make  a  very  soft  amalgam.  It  is  apt  to  crystallize 
by  repose,  which  seems  in  some  measure  to  be 
prevented  by  triturating  it  with  a  small  proportion 
of  grease:  and  it  is  always  of  advantage  to  triturate 
it  before  using. 

A  very  strong  excitation  may  be  produced  by 
applying  the  amalgamed  leather  to  a  clean  cylinder 
with  a  clean  silk.  But  it  soon  goes  oiF,  and  is 
not  so  strong  as  the  foregoing,  which  lasts  several 
days. 

.    23,    To  give   some    distinctive  tritcrions  by 
which  other  electricians  may  determine  whether 
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the  intensity  they  produce  exceeds  or  falls  short  of 
that  which  this  method  affords,  I  shall  mention  a 
few  facts. 

With  a  cylinder  seven  inches  diameter,   and 
cushion  eight  inches  long,  three  brushes  at  a  time 
constantly  flew  out  of  a  three-inch  ball  in  a  suc- 
eessimiUoo  quick  to  be  counted,  and  a  ball  of  one 
and  aW'balf  inch  diameter  was  rendered  luminous, 
and  produced  a  strong  wind  like  a  point.     A  nine- 
inch  cylinder  with   an  eight-inch  cushion  occa- 
sioned frequent  flashes  from  the  round  end  of  a 
conductor  four  inches  diameter:    with  a  ball  of 
two  and  an  half  inches  diameter  the  flashes  cciased 
now  and  then,  and  it  began  to  appear  luminous: 
a  ball  of  one  J^nd  an  half  inch  diameter  first  gave 
the  usual  flashes;   then,  by  quicker  turning,  it 
became  luminous   with   a  bright   speck   moving 
about  on   its  surfiice,  while  a  constant  stream  of 
air  rushed  from  it;  and  lastly,  when  the  intensity 
was  greatest,  brushes  of  a  diff^erent  kind  from  the 
former   appeared.      These   were    less  luminous, 
but  better  defined  in  the  branches;  many  started 
out  at  once  with   a  hoarse  sound.     They  were 
reddish-  at  the  stem,    sooner  divided,   and  were 
greenish   at  the  point  next  the  ball,  which  was 
brass.     A  ball  of  to  inch  diameter  was  surrounded 
by  a  steady  faint  light,    enveloping  its  exterior 
hemisphere,  and  sometimes  a  flash  struck  out  at 
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top.  When  the  excitation  was  strongest,  a  few 
flashes  struck  out  sideways.  The  horizontal  dia« 
meter  of  the  light  was  longest,  and  might  mea- 
sure  one  inch,  the  stem  of  the  ball  being  vertical. 

This  last  phenomenon  is  similar  to  a  natural 
event  related  by  M.  Laommi  Baldwin,*  who  raise4 
an  electrical  kite  in  July  177  li  during  the  ap- 
proach of  a  severe  thunder-storm,  and  obaervftd 
himself  to  be  surrounded  by  a  rare  medium  of 
fire,  which,  as  the  cloud  rose  nearer  the  zenith^ 
and  the  kite  rose  higher,  continued  to  extend  it- 
self with  some  gentle  faint  flashes.  Mr,  Baldw'm 
felt  no  other  effect  than  a  general  weakness  in  bi^ 
joints  and  limbs,  and  a  kind  of  listless  feeling;  all 
which,  he  observes,  might  possibly  be  the  effect 
of  surprize,  though  it  was  sufficient  to  discourage 
him  from  persisting  in  any  farther  attempt  at  that 
time.  He  therefore  drew  in  his  kite,  and  retired 
to  a  shop  till  the  storm  was  oyer,  and  then  went  to 
bis  house,  where  he  found  his  parents  and  frienda 
much  more  surprized  than  he  had  been  himself; 
who,  after  expressing  their  astonishment,  informed 
him,  that  he  appeared  to  them,  during  the*  time 
he  was  raising  the  kite,  to  be  in  the  midst  of  a 
large  bright  flame  of  fire,  attended  with  flashings; 
and  that  they  expected  every  moment  to  see  him 

*  Memoirs  of  the  American  Acadcm/j  vol.  i.  j:).  257, 
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iall  a  sacrifice  to  the  flame.  The  same  was  ob* 
served  by  some  of  his  neighbours,  who  lived  near 
the  place  where  he  stood. 

This  fact  is  similar  to  another  observed  by 
M.  de  Saussure  on  the  Alps,  and  both  are  referable 
to  my  Iwninous  ball  with  the  second  kind  of  brush. 
The  cloud  must  have  been  negative. 

"With  a  twelve-inch  cylinder,  and  rubber  of 
seven  and  an  half  inches,  a  five-inch  ball  gave 
frequent  flashes  upwards  of  fourteen  inches  long, 
and  sometimes  a  six-inch  ball  would  flash.  I  do 
not  mention  the  long  spai^k,  because  I  was  not 
provided  with  a  favourable  apparatus  for  the  tw6 
large  cylinders.  The  seven-inch  cylinder  affords 
a  spark  of  ten  inches  three  quarters  at  best.  The 
nine^inch  bylinder,  not  having  its  conductor  insn^ 
lated  on  a  support  sufficiently  high,  afforded 
flashes  to  the  table  which  was  fourteen  inches 
distant.  And  the  twelve-inch  cylinder,  being 
mounted  only  as  a  model  or  trial  for  constructing 
a  larger  apparatus,  is  defective  in  several  respects. 
When  the  five-inch  ball  gives  flashes,  the  cylinder 
is  enveloped  on  all  sides  with  fu-e,  which  rushes 
from  the  receiving  part  of  the  conductor.  Points 
are  not  used,  but  in  a  simple  machine  the  con- 
ductor is  brought  almost  in  contact  with  the  cy- 
linder. In  this  apparatus,  the  cushion  to  which 
the  rubber  is  not  applied  serves  that  purpose. 
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24.  These  marks  exhibit  the  intensity  as  de-^ 
duced  from  simple  electrifying.  The  rate  of 
charging  was  nearly  ithe  same  in  all  the  three  cy-i 
linders. 

A  large  jar  of  350  square  inches,  or  near  two 
and  an  half  square  feet,  with  an  uncoated  var- 
nished rim,  of  more  than  four  inches  in  height, 
was  made  to  explode  spontaneously  over  the  rim. 
The  jar,  when  broken,  proved  to  be  0.082  inches 
thick  on  an  average;  and  the  number  of  square 
feet  of  the  surface  of  the  cylinder  which  was 
rubbed  to  produce  the  charge  of  one  foot  was, 
when  least,  18.03,  and  when  most,  with  good 
excitation,  19.34.  The  great  machine  at  Harlem 
charges  *  a  single  jar  of  one  foot  square  by  the 
friction  of  (56.6  square  feet,  and  charges  its  battery 
of  225  square  feet  at  the  rate  of  94.8  square  feet 
rubbed  for  each  foot.  The  intensity  of  electricity 
on  the  surface  of  the  glass  is  therefore  considerably 
less  than  one-fourth  of  that  here  spoken  of;  but 
if  we  take  the  most  favourable  number  66.6  at  the 
Gommenceriicnt  of  turning,  and  halve  it  on  ac- 
count of  the  unavoidable  imperfection  of  a  plate 
machine^  as  shewn  in  par.  14,  it  will  be  found, 
that  the   management  applied   to   that  machine 

*  To  explode  from  the  central  wire,  which,  from  some  trials, 
.  I  tiiid  lo  require  less  force  than  from  coating  to  coating  at  cqu^l 
d'sUiiccs. 
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would  cause  a  cylinder  to  charge  one  square  foot 
by  the  friction  of  thirty-three  and  an  half  square 
feet.  It  must  be  observed,  however,  that  M.  Pan 
Marums  own  machine,  consisting  of  two  plates 
thirty-three  inches  diameter,  has  only  half  the 
intensity,  though  he  reckons  it  a  very  good  one. 
This  machine  is  about  equal  in  absolute  power  to 
my  nine-inch  cylinder,  with  its  short  rubber;  but 
it  is  near  thirty  times  as  dear  in  price.  In  all  these 
deductions  the  computations  are  omitted  for  the 
€ake  of  brevity,  and  because  they  are  easily  made. 
The  data  are  found  in  the  description  of  the  Tey- 
lerian  machine,  and  its  continuation  published  at 
Harlem  in  the  years  1785  and  1787. 

The  action  of  the  cylinder,  by  a  simple  cushioa 
or  the  hand,  which  excited  the  astonishment  of  all 
Europe,  in  the  memory  of  our  co-temporaries,  was 
first  improved  by  the  addition  of  a  leather  flap; 
then  by  moistning  the  rubber;  afterwards  by  ap- 
plying the  amalgam ;  and,  lastly,  by  the  addition 
of  a  silk  flap.  Now  we  find,  by  experiment,  that 
wc  at  present  obtain  upwards  of  forty  times  the 
intensity  which  the  bare  hand  produces;  and  con- 
sequendy  that,  since  eighteen  times  our  present 
intensity  will  equal  the  utmost  we  can  now  con- 
dense on  strong  glass,  even  in  the  form  of  a 
charge,  wc  have  a  less  step  to  take  before  wc 
arrive  at  that  amazing  power,  than  our  immediate 
predecessors  have  already  made. 


L9o:i 


CHAP.    IV, 


OP  THE  FRANKLINIAN  HYPOTHESIS.  OBJEC- 
TIONS TO  THIS  HYPOTHESIS,  EELES*S  SYS- 
TEM PREFERABI4E  TO  THE  FRANKLINIAN. 

The  evidence  of  the  external  senses  is  obviously 
the  primary  principle  from  which  all  physical 
knowledge  is  derived;  but  whereas  nature  begins 
with  causes,  which  after  a  variety  of  changes  pro- 
duce effects,  the  senses  open  upon  the  effects^ 
and  from  them,  through  the  slow  and  painful  road 
of  experiment  and  observation,  ascend  to  causes. 

Man  appears  upon  the  stage]  of  thi?  material 
system  as  upon  a  visionary  theatre,  in  which  he 
looks  only  upon  the  exterior  of  things,  as  the  eye 
iipon  a  flower  that  is  full  blown,  or  upon  an  insect 
in  all  the  pride  and  beauty  of  its  colours;  without 
observing  immediately  the  different  stages  through 
which  they  have  passed,  the  different  forms  they 
have  assumed,  the  different  changes  they  have 
undergone,  and  without  descending  to  the  seeds 
and  principles  from  which  they  spring,  and  whicb 
upon  examination  will  be  found  totally  different 
both  in  form  and  colour.  In  like  manner  are  the 
senses,  the  ultimate  criteria  of  all  physical  know- 
ledge, liable  to  be  imposed  upon  and  deceived  in 
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regard  to  the  qualities  and  c&useSj  the  powers  and 
operations^  of  physical  body. 

The  senses  are,  therefore,  to  be  assisted  by  va- 
rious observations  taken  with  diligence  and  cir- 
cumspection, and  to  be  undeceived  by  different 
analyses,  which  divest  nature  of  her  external  and 
compounded  form,  and  lay  open  her  internal  me- 
chanism and  construction :  their  errors  and  mis- 
conceptions are  to  be  corrected  by  the  use  of  ex- 
periments of  different  kinds,  which,  penetrate  her 
inmost  recesses,  and  descend  to  her  remotest 
causes.  By  the  application  of  such  assistance  they 
are  enabled,  not  without  difficulty,  to  leave  behind 
tl^  fallacious  exterior,  to  pass  from  one  appear- 
;ance  to  another,  and,  as  far  as  human  research  can 
go,  to  judge  of  the  realities  of  things. 

Nothing,  perhaps,  has  contributed  more  to  the 
establishment  of  truth,  and  the  advancement  of 
genuine  science,  than  the  transition  from  meta- 
physical reasoning  to  experimental  philosophy.  * 
Mere  conjecture,  however  plausible,  or  fondly 
embraced  at  first,  affording  at  length  bjit  little 
satisfaction  to  the  mind,  we  are  constantly  wish- 
ing for  the  evidence  of  facts;  and  finding  but 
few  speculative  points^  but  what  are  liable  to  be 
controverted,  we  are  obliged  to  seek  for  demon- 
strative proof,  by  adverting  to  practical  investiga.- 
tion.* 

•  TiUbani%  Scale  and  Chart  of  Truth. 
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This  is  eminently  true  with  respect  to  electri- 
city; a  field  of  inquiry,  wherein  fancy  has,  in- 
deed^  sufficiently  exhibited  her  luxuriance.  No 
other  science  has  had  more  admirers,  nor  been 
subject  in  so  short  a  space  of  time,  to  so  great  a 
variety  of  hopothcses:  these  have  been  changed, 
corrected,  and  improved,  almost  as  often  as  the 
instruments  and  machines  which  have  been  made 
use  of  upon  the  occasion.  Indeed,  so  little  of  the 
nature  of  electricity  was  known  before  the  appara- 
tus became  considerably  extended,  that  even  the 
existence  of  the  agent  seems  to  have  been  a  matter 
of  speculation;  but,  after  the  instruments  had 
demonstrated  that  such  a  fluid  actually  existed, 
the  mode  of .  that  existence  was  altogether  unde- 
termined, and  became  a  subject  of  much  dispute- 
Some  have  supposed  the  electric  matter  to  be  a 
kind  of  unctuous  effluvia,  arising  by  means  of 
friction  from  substances  termed  electrics  f>er  se; 
others,  the  ether  pointed  out  by  Sir  Isaac  Newton, 
in  the  effects  of  which  a  certain  subtile  medium  was 
concerned.  Some  called  it  elementary  fire,  and 
imagined  it  to  be  a  modification  of  the  fire  they 
termed  an  element;  while  others  conceived  it  to 
be  a  fluid  distinct  from  chemical  fire,  but  of  a 
nature  greatly  resembling  it. 

After  two  opposite  and  remarkably  distinct 
effects  had  been  observed  in  the  attractive  and 
repulsive  powers  of  electricity,  according  as  they 


QP  ELKCTRICITT.  ,    .         QB 

were  excited  in  different  substances,  the  theories 
of  electricity  became  more  complex;  and  a  few 
gentlemen,  with  M.  du  Fay  at  their  head,  as- 
serted the  existence  of  two  distinct  fluids,  which 
they  called  tl>e  vitreous  and  resinous  electricity, 
in  order  to  account  fpr  the  different  phenomena 
which  they  observed  to  arise  from  the  excitation 
of  such  substances.  To  these  hypotheses  may  be 
added  the  ingenious  Abbe  Nollefs  doctrine  of 
electrical  affluences  and  effluences,  which  he  so 
strenuously  maintained. 

When  it  was  discovered  that  this  twofold  elec- 
tricity might  be  procured  by  one  and  the  same 
substance,  and  from  the  same  machine,  the  sub-^ 
ject  appeared  entirely  in  a  new  light,  and  the 
terms  were  presently  changed  from  vitreous  and 
resinous  to  those  of  positive  and  negative  electri- 
city, because  they  were  then  thought  to  be  more 
adequate  and  expressive  of  the  fact;  and  the  ap- 
pearances which  were  afterwards  produced  by 
means  of  this  discovery  seemed  sufficient  to  esta- 
blish at  least  the  opinion  that  all  electrical  pheno- 
mena are  effected  by  a  fluid,  extremely  elastic, 
and  attached  to  the  particles  of  all  other  matter. 

You  have' been  already  told,  that  as  long  as  th<? 
electrical  fluid  is  equally  distributed  among  diffe- 
rent substances,  we  cannot  discover  any  sign  of  its 
existence ;  a  striking  proof  of  our  incapacity  of 
knowing  the  existence  of  certain  substances  other- 
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wise  than  tjy  their  effects :  as  long  as  the  clectrid 
fluid  remains  in  its  natural  state^  its  effects  are 
invisible,  and  we  are  totally  insensible  of  it^ 
power;  but  whenever  the  equilibrium  is  disturbed^ 
we  are  immediately  sensible  of  its  effects. 

The  electric  fluid  adheres  to  the  surface  of 
electrics  more  strongly  than  to  the  surface  of  con- 
ductors; and  hence,  when  two  such  substancear 
are  rubbed  together,  part  df  the  natural  quantity 
belonging  to  the  conductor  adheres  to  the  electric* 
Without  this  property,  the  existence  of  the  elec- 
tric fluid  might  never  have  been  discovered.  Had 
all  bodies  been  possessed  of  an  equal  power  of 
retaining  and  parting  with  the  electric  fluid,  we 
should  neither  have  had  any  means  of  exciting  its 
appearance,  nor  have  become  in  any  measure  sen- 
sible of  its  effects ;  but,  because  some  substances 
freely  admit  of  its  passage  through  their  porcSj 
while  others  seem  nearly  impermeable  to  it,  we 
can  easily  disturb  the  equilibrium  by  making  the 
fluid  pass  from  one  body  to  another;  and  when  it 
is  thus  collected,  it  is  easily  detained,  by  support- 
ing the  electrified  body  on  such  other  substances^ 
as  will  not  admit  of  the  fluid*s  passage. 

That  the  principal  source  of  the  electric  fluid 
is  the  earth,  is  a  position  now  generally  adopted^ 
and  may  be  rendered  clear  by  insulating  or  cutting 
oflf  the  communication  of  the  rubber  flrom  the 
earth,  by  means  of  glass  or  baked  wood. 
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Exl»ERiMENt  XI.  On  the  effects  of  insulating 
ike  cushion.  If  the  cushion  and  the  conductor  be 
ix>th  insulated^  it  is  observed  that  less  of  the  elec-^ 
trie  fluid  is  obtained^  the  more  perfect  the  insula- 
tion is  made. 

Secondly.  The  same  experiment,  but  with,  a 
pnachine  furnished  with  two  conductors^  one  con- 
sected  with  the  cushion,  the  other  as  usual. 

Turn  the  cylinder,  and  both  will  be  electrified ; 
but  any  electrified  body  which  is  attracted  by  the 
one  will  be  repelled  by  the  other:  if  they  are 
brought  sufficiently  near  to  each  other,  sparks 
-will  pass  between  them,  and  they  will  act  on  each 
other  stronger  than  on  any  other  bod'ies.  If  they 
are  connected  together  by  a  chain,  the  action  of 
one  destroys  that  of  the  other,  and  neither  will 
exhibit  any  dectric  appearances,  >  though  the  fire 
proceeds  frcxn  the  cushion  to  the  conductpr  as 
before;  but  being  immediately  conveyed  away 
from  thence  to  the  cushion,  they  both  remain  in 
their  natural  state. 

The  ccmductor  connected  with  the  cushion  is 
said  to  be  electrified  negatively;  that  placed  op*  , 
posite  thereto  is  said  to  be  electrified  positively. 

To  render  this  subject  still  plainer,  if  possible, 
I  shall  introduce  another  experiment,  the  more  so 
as  it  is  one  which  few  writers  mention. 

Experiment  xii.  Conductors  electrified  with 
the  same  power.     Electrify  two  conductors  equally. 
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by  placing  them  before  the  cylinder,  that  is,  elec- 
trify both  positively,  and  the  following  observa- 
tions may  be  made:  I.  That  what  is  attracted  or 
repelled  by  the  one,  is  also  attracted  and  repelled 
by  the  other;  whereas,  in  the  foregoing  instanccy 
.  what  the  one  attracted,  the  other  repelled.  2.  That 
no  sparks  will  .pass  between  two  conductors 
equally  electrified  with  the  same  power,  though 
they  will  pass  continually  between  two  electrified 
with  different  powers.  3.  Connect  the  two  con- 
ductors that  arc  before  the  cylinder,  and  sparks 
may  be  taken  from  them,  which  cannot  be  done 
from  the  others  when  they  are  united. 

Experiment  xiii.  Take  a  glass  tube,  and 
by  drawing  the  hand  with  a  piece  of  flannel  over 
the  surface,  the  tube  will  soon  be  electrified. 
The  matter  leaving  the  hand  passes  to  the  glass,  - 
where  it  remains  as  an  addition  to  its  natural 
quantity :  .  for,  as  neither  the  glass  nor  the  air  are 
conductors,  the  redundancy  of  the  electric  fluid 
cannot  escape  till  some  non-electric  body  ap- 
proaches it.  If  a  piece  of  metal  or  the  hand  be 
presented  to  any  part  of  the  tube,  the  fluid  will 
pass  to  the  metal  with  a  crackling  noise. 

But,  if  the  person  that  rubs  the  tube  be  insu- 
lated, another  person  standing  on  the  floor,  on 
applying  his  knuckle  from  one  end  to  the  other 
of  the  excited  tube,  will  get  a  few  spares  from  it^ 
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btlt  no  more,  as  it  cannot  get  a  fresh  supply  from 
the  earth. 

Experiment  xiv.  shewing  that  electrical  ap- 
pearances are  produced  both  in  the  electric  which  is 
excited^  and  the  substance  by  which  it  is' excited^ 
provided  that  substance  be  insulated-,  but  their  elec- 
tric powers  are  directly  reverse  tyf  each  other^  and 
may  be  distinguished  by  opposite  effects. 

First,  with  a  machine  with  an  insulated  inibber, 
but  no  conductor  connected  with  it. 

Put  the  machine  in  action,  connect  the  cushion 
by  a  chain  with  the  ground,  and  on  turning  {he 
machine  the  conductor  will  be  electrified,  will 
attract^  and  repel  light  bodies,  and  exhibit  the 
usual  electric  appearances.  Take  the  chain  from 
the  rubber,  and  suspend  it  to  the  conductor,  and 
the  cushion  will  now  attract  and  repel  light  sab- 
stances,  and  exhibit  the  same  general  appearances 
"With  the  prime  conductor.  If  the  cylinder  be 
turned  while  the  chain  is  suspended  from  the 
prime  conductor  to  the  ground,  or  any  blunt  body 
to  the  knob  at  the  back  of  the  cushion,  so  that 
sparks  may  pass  between  it  and  his  knuckle,  he  is 
then  said  to  receive  negative  sparks. 

But,  if  the  chain  be  taken  from  the  prime 
conductor,  and  suspended  from  the  knob  pf  the 
cushion,  and  a  person  present  his  knuckle  within 
the  striking  distance  of  the  prime  conductor,  he 
will  receive  what  are  called  positive  sparks. 
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The  senses  cannot  determine  the  direction  in 
which  the  electric  matter  moves,  but  the  general 
opinion  is,  that,  in  a  common  electrical  machinCj^ 
it  passes  from  the  cylinder  to  the  points  of  the 
conductor;  and  as  the  cylinder,  as  you  have  seen, 
affords  very  little  electricity  when  the  rubber  is 
insulated,  it  follows,  that  it  receives  its  electricity 
from  the  rubber;  for,  unless  the  rubber  be  at 
liberty  to  xeceive  an  equal  quantity  from  the  earth, 
that  is,  unless  it  be  uninsulated,  it  can  part  but 
with  a  small  quantity  to  the  cylinder.  On  this 
supposition,  it  is  taken  for  granted  by  many,  that 
the  rubber,  when  insulated,  must  lose  a  part  of  its 
natural  quantity  by  friction  with  the  cylinder,  and 
const^quently,  a  conductor  communicating  with  it 
must  be  negatively  electrified;  and  that  the  cy- 
linder, at  the  same  instant  that  it  imparts  the 
electric  matter  to  one  conductor,  exhausts  an 
equal  quantity  from  the  other  which  is  connected 
with  the  rubber. 

Ex  PERiMENT  XV.  Another  method  of  proving 
that  the  electric  fluid  conies  from  the  earth.  Let 
one  person  stand  on  a  glass  stool,  or  be  insulated, 
and  rub  a  glass  tube,  and  let  another  person  on  a 
glass  stool  take  the  fire  from  the  first,  they  will 
both  of  them,  provided  they  do  not  stand  so  near 
as  to  touch  each  other,  appear  to  be  electrified  to 
a  person  standing  on  the  floor;  that  is,  be  will 
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|)erceive  a  spark  on  approaching  either  of  them 
with  his, knuckle. 

2.  But,  if  the  insulated  persons  touch  one  ano- 
ther  during  the  excitation  of  the  tube^  neither  of 
them  will  appear  to  be  electrified* 

3.  If  they  touch  one  another  after  exciting  the 
tube,  and  draw  the  fire  as  aforesaid,  there  will  be 
a  stronger  spark  between  them  than  was  between 
either  of  them  and  the  person  on  the  floor. 

4.  After  such  a  strong  spark  neither  of  them 
discovers  any  electricity. 

These  appearances  may  be  thus  accounted  for: 
the  electric  fire  is  a  common  element,  of  which 
each  of  the  three  persons  has  his  equal  share  bcfor<;: 
any  operation  is  begun  with  the  tube. 

A,  who  stands  upon  the  stool  and  rubs  the  tube, 
collects  the  electrical  fire  from  himself  into  the 
glass,  and  his  communication  with  the  common 
stock  being  cut  off  by  the  glass  of  the  stool,  his 
body  is  not  again  immediately  supplied. 
'  B,  who  is  also  insulated,  passing  his  knuckle 
along  the  tube,  receives  the  fire  which  was  col- 
Iccted  from  A,  and  being  insulated,  he  retains 
this  additional  quantity. 

To  C  both  appear  electrified ;  for  hc^  haying 
only  the  middle  quantify  of  electrical  fire,  receives 
a  spark  on  approaching  B,  who  has  an  over  quan- 
tity, but  gives  one  to  A,  who  has  an  under  quan- 
tity. 

G  2 
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If  A  and  B  approach  to  touch  each  other,  the 
spark  is  stronger,  because  the  difference  between 
them  is  greater.  After  this  touch,  there  is  no 
spark  between  either  of  them  and  C,  because  the 
electrical  fluid  in  all  is  reduced  to  the  original 
equality.  If  they  touch  while  electrifying,  the 
equality  is  never  destroyed,  the  fire  is  only  circu- 
lating. 

On  the  foregoing  experiments  are  founded  the 
present  theories  of  electricity,  only  two  of  which 
will  be  noticed  in  this  work,  that  of  Dr.  Franilm, 
and  that  of  Mr.  Eeles,  as  modified  by  Mr.  u#/- 
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This  hypothesis  depends  on,  and  may  be  re- 
duced to  the  following  principles. 

1 .  That  the  atmosphere  and  all  terrestrial  sub- 
stances are  full  of  the  electric  fluid. 

2.  That  the  operations  of  electricity  depend  on 
the  uncompounded  action  of  a  simple  fluid  of  a 
peculiar  nature,  extremely  subtile  and  clastic. 

3.  Glass  and  other  electric  substances,  though 
they  contain  a  great  deal  of  electric  matter,  are 
nevertheless  impermeable  to  this  fluid. 

,   4.  That  the  electric  matter  violently  repels  it- 
self, and  attracts  ail  other  matter. 
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5.  By  the  excitation  of  an  electric  the  equili- 
brium of  the  contained  fluid  is  broken ;  and  one 
part  becomes  overioaded  with  electricity,  while 
the  other  contains  too  little. 

6.  Conducting'  substances  are  permeable  to  the 
electric  matter  through  their  whole  substance. 

7.  Positive  electricity  is  when  a  body  has  more 
than  its  natural  state  of  the  electric  fluid;  and  ne- 
gative electricity,  when  it  has  less  than  its  natural 
share,  as  has  been  before  observed. 

The  first  position,  tiaf  all  terresirial  substances, 

as  well  as  the  atmosphere,  are  full  of  the  electric 

fitid,  is  easily  proved.     For  there  is  no  place  of 

the  earth  or  sea  where  the  electric  fluid  may  not 

.    be  collected,  by  making  a  connexion  bet\ycen  the 

place  and  the  rubber  of  an  electric  machine.     The 

most  conclusive  proofs  of  this  position  are  obtained 

h^  the  use  of  Bermet's  electrometer  and  doublcr, 

flate  1,  fig.  10.     The  case  is  equally  clear  with 

respect  to  the  atmosphere  from  which  the  electric 

fluid  may  at  any  time  be  collected. 

The  second  position  docs  not  seem  to  be  well 
founded;  there  are  many  reasons  for  supposing 
the  electric  matter  to  be  a  compound  substance 
capable  of  being  separated:  at  any  rate,  the  posi- 
tion is  without  proof;  for  we  have  no  experiments 
from  which  it  can  be  fairly  deduced,  that  the 
electric  matter  is  a  single  fluid  sui  generis. 
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The  third  position  for  establishing  the  Frank-  ■ 
linian  theory  is,  that  glass  and  other  electric  sub^ 
^tancesy  though  they  contain  a  great  deal  of  the 
electric  matter ^  are  impermeable  by  it.  This  asser-- 
lion  has  evidently  a  very  contradictory  appearance. 
It  is  very  difficult,  if  not  impossible,  to  conceive 
that  any  substance  can  be  very  full  of  a  fluid, 
and  yet  impermeable  by  that  fluid;  especially 
when  we  talk  of  throwing  in  an  additional  quan^ 
tity  on  one  side,  and  taking  out  as  much  from 
the  opposite  side. 

The  only  arguments  for  the  impermeability  of 
glass  by  the  electric  fluid  are  drawn  from  the 
phenomena  of  the  Leyden  phial.     It  appears  in- 
deed, in  this  case,  that  there  is  an  expulsion  of 
fire  from  the  outside,  at  the  same  time  that  it  is 
thrown  upon  the  inside.     In  this  experiment,  an 
unphilosophical   observer,    concluding  from   ap- 
pearances,   would  judge  that   the   fluid   passed 
through   the  glass.     Dr.  Franklin  concludes  that 
it  does  not  pass  through,  because  there  is  found  a 
very  great  accumulation  of  electric  matter  on  (he 
inside  of  the  glass,  which  is  discoverable  by  a 
violent  flash  and  explosion  between  the  inside  and 
outside  coatings. 

But  this  is  mere  begging  the  question,  for  there 
is  no  reason  to  conclude  the  glass  impermeable^ 
unless  you  allow  the  accumulation  on  one  side. 
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and  the  deficiency  on  the  other.  If  this  suppo- 
sition cannot  be  proved,  the  evidence  of  sense  in 
favour  of  the  permeability  must  preponderate.  * 

It  is  said,  indeed,  that  if  the  glass  was  pennea- 
ble  by  the  electric  fluid,  a  phial  would  not  retain 
any  charge ;  because  the  fluid  would  no  sooner  b'e 
thrown  on  one  side,  than  it  would  fly  off  from 
the  other.  This  conclusion  depends  entirely  on 
the  foregoing  supposition,  a  supposition  which  is 
incapable  of  proof;  namely,  that  there  is  an  ac- 
cumulation on  one  side  of  the  electric,  and  a  d^ 
ficiency  on  the  other. 

Proofs  of  the  permeability  of  glass  will  be  found 
in  various  parts  of  this  work. 

The  next  position  to  be  considered  is  this,  that 
the  electric  matter  violently  repels  itself y  an4  attracts 
all  other  matter.  The  proofs  of  this  position,  like 
the  foregoing,  are  built  on  a  supposition,  which 
if  denied,  the  proofs  fall  to  the  ground.  Let  a 
smooth  piece  of  metal  be  insulated,  and  bring  an 
excited  glass  tube  near  €»ne  end  of  it,  a  spark  of 
positive  electricity  will  be  obtiuned  from  the  other 
end;  after  which,  if  the  tube  be  suddenly  re- 
moved, it  becomes  negatively ,  electrified.  Here 
then,  it  is  said,  is  a  plain  repulsion  of  one  part  of 
the  electric  fluid  by  another.  That  contained  in 
the  lube  repels  the  fluid  in  the  nearest  end  of  the 
metal ;  of  consequence,  it  is  accumulated  in  the 
other  end:  and  when  the  tube  is  removed,  the 
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metal  is  found  to  be  deprived  of  a  part  of  its  na« 
tural  state  of  electricity,  or  is  electrified  ne^^ 
tively.. 

It  is  obvious  to  remark^  before  such  conclusion 
can  be  drawn  from  this  and  similar  experiments^ 
that  it  is  necessary  to  prove  that  positive  electricity 
consists  in  an  accumulation,  and  negative  electric 
city  in  a  deficiency  of  electric  fluid. 

Another  argument  is,  however,  drawn  from  the 
appearance  of  the  electric  fluid  issuing  from  a 
point,  or  from  any  body  highly  electrified.  In 
the  open  air  this  diverges  excessively,  and  the 
particles  seem  to  be  violently  repulsive  of  each 
other;  that  they  are  not  so,  is  plaiii  from  the 
appearance  they  assume  in  vaciM^  when,  the  re- 
sistance of  the  atmosphere  being  taken  ofl^,  tho 
electric  repulsion  would  be  more  at  liberty  to 
exercise  itself. 

If  the  electric  matter  was  really  clastic,  or  en- 
dowed with  a  power  repulsive  of  itself,  it  is  impos^ 
sible  it  should  pass  in  an  uninterrupted  columq 
through  an  exhausted  receiver,  which  however  it 
does,  and  exhibits  no  repulsive  tendency. 

The  fifth  position  depends  on  the  nature  of  ex- 
citation, a  subject  which  is  yet  very  imperfectly ' 
understood;  too  much  so  to  deduce  conclusions. 

The  sixth  position  seems  proved  by  a  variety  of 
experiments;  the  electric  fluid  indeed  often  passes 
pv^r,  rather  than  through  the  substance;  but  qei-r 
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ther  can  it  be  doubted  that  it  often  enters  the 
substance^  as  in  the  melting  of  wires. 

The  last  position  on  which  Dr.  Franklins  theory 
depends^  and  which  may  be  called  the  foundation 
of  the  whole,  is,  that  positive  electricity  is  an  accu- 
mulatiorii  or  too  great  a  quantity  of  electric  matter  , 
contained  in  d  body ;  and  negative  electricity  is  when 
there  is  too  tittle.  Of  this,  however,  there  is  not 
one  solid  proof;  and  all  attempts  that  have  been 
hitherto  made  to  prove  it,  are  only  arguments  in 
a  circle,  or  proving  the  thing  by  itself,  and  there- 
fore no  conclusion  can  be  made  from  them.  Thus, 
for  instance,  a  body  electrified  positively  attracts 
one  that  is.  electrified  negatively;  because  the 
first  has  too  much,  and  the  other  too  little  electri- 

# 

city.     But  how  do  we  know  that  the  one  has  too 
much,  and  the  other  too  little  electricity  ?     Be- 
cause they  attract  each  other ! ! !     Again,  when  a 
phial  is  electrified  positively,  there  is  a  constant 
stream  of  fire  from  the  outside  coating,  as  there 
is  from  the  conductor  to  the  inside  coating;  there- 
fore it  is  said  the  outside  has  too  little,  and  the 
inside   too   much   electricity.     But   how   is   this 
known  to  be  the  case?     Because  glass  is  imper- 
meable to  electricity !     And  how  is  glass  known 
to  be   thus  impermeable?    Beciause  one  side  has 
too  much,  the  other  too  little  electricity! 

We  have  before  observed,  that  the  impermea- 
bility of'  glass  to  the  electric  powor  is  a  supposi- 
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tion  merely  hypothetical:  there  is  not  a  singfe 
determinate  experiment  to  prove  it;  and  some  of 
the  warmest  advocates,  as  Dr.  Priestley  and  Ca- 
valloy  own  that  some  glass  may  be  permeable.  So 
contradictory  is  their  evidence,  that  you  may 
gather  from  it  that  the  best  vitrified  and  the  worst 
vitrified  J  cold  and  warm  glass,  arc  all  more  or  less 
permeable. 

You  will,  in  another  part  of  this  work,  sec  a 
proof  of  their  inconsistency,  in  endeavouring  to 
prove  that  charged  glass  has  always  one  surface  in 
a  positive,  the  other  in  a  negative  state. 

Dr.  Gray  asserts  that  Dr.  Franklins  reasoning, 
both  on  the  charge  and  discharge  of  a  jar,  is  erro- 
neous: see  his  remarks  in  the  chaptfer  on  the 
Ley  den  phial.  If  Dr.  Gray  had  considered  Mr. 
Eeles's  system,  it  is  probable  that  his  ideas  on  this 
subject  would  have  been  much  clearer  than  they 
at  prese:nt  appear  to  be.* 

Mr.  Brooke  has  shewn,  what  Mr.  Eeles  shewed 
us  long  before,  contrary  to  the  ideas  of  the  best 
judges  and  friends  of  FraTiklnis  theory,  that  da- 
ring the  time  of  charging  a  jar,  both  inside  and 
outside  have  the  same  kind  of  electricity,  and  that 
the  negative  electricity  docs  not  take  place  till  the 
turning  the  machine  is  discontinued. 


*  L>w/9  Remnrks  on  the  Leading  Piojfs  of  the  Frank linian 
System. 
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The  following  hypothesis  is  extracted  from 
Mr.  Eeles*s  Philosophical  Essays,  and  the  Analysis 
of  a  Course  of  Lectures  read  at  Trinity  College^ 
Cambridge,  by  Mr.  Atwood. 

If  the  reader  will  carefully  compare  this  theory 
with  the  experiments  that  have  been  made  on  the 
electric  fluid,  I  think  he  will,  with  me,  agree 
that  it  is  more  simple  than  Dr.  Franklin  Sy  speaks 
more  strictly  the  language  of  experiment,  and  is 
much  less  embarrassed  with  hypothetical  suppo- 
sitions. It  pointed  out  to  the  author  many  phe- 
nomena which  have  not  only  been  considered  as 
wonderful,  but  which  have  also  much  embarrassed 
fhe  partizans  of  Dr.  Franklins  opinion.  There 
are  no  known  phenomena,  but  what  are,  more 
readily  accounted  for  on  this  system,  than  on  any 
other  at  present  known.  ,  That  it  is  free  from 
difficulty,  I  do  not  assert;  but  I  am  certainly  well 
founded  in  affirming,  that  it  has  strong  claims  to 
philosophical  attention,  and  that  nothing  would 
have  prevented  its  having  long  since  obtained  a 
fair  hearing,  but  for  that  spirit  of  party  and  bi- 
gotry which  is  to  be  found  as  much  among  philo- 
sophers as  among  politicians  and  enthusiasts. 
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1 .  The  two  electric  powers  exist  together  in  all 
bodies. 

2.  As  they  counteract  each  other  when  united, 
they  can  be  rendered  evident  to  the  senses  only 
by  their  separation. 

3.  The  two  powers  are  separated  in  non-elec* 
tries  by  the  excitation  of  electrics,  or  by  the  ap- 
plication of  excited  electrics. 

4.  The  two  powers  cannot  be  altogether  sepa- 
rated in  electrics. 

5.  The  two  electricities  attract  each  other 
strongly  through  the  substances  of  electrics. 

6.  Electric  substances  are  impervious  to  the 
two  electricities. 

7.  Either  power,  when  af^lied  to  an  unelectri- 
fied  body,  repels  the  power  of  the  same  sort,  and 
attracts  the  contrary. 

I  shall  now  give  a  few  of  Mr.  jltwooSs  expe- 
riments, and  then  prgceed  to  Mr.  Eeles's  own 
experiments  and  reasoning.  It  is  to  be  observed, 
that  Mr.  Eeles  is  a  very  immethodical  writer,  yet 
bis  matter  is  so  good,  that  no  electrician  should 
neglect  to  read  bis  essays. 

Experiment  xvi.  Electrified  bodies  attract 
bodies  not  electrified,  though  a  thin  electric  be 
placed  between  them. 
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Experiment  xvii.    Bodies  electrified  with 
contrary  powers  attract  each  other  strongly,  al- 
though aa  electric  plate  be  interposed  between 
*  them. 

Thus  flame  will  communicate  heat  thrpugh 
substances  which  are  impervious  to  the  flame 
itself. 

Experiment  xviii.  If  one  surface  of  an 
electric  plate  be  electrified  with  either  power,  the 
opposite  surface  is  electrified  with  the  contrary 
power,  if  it  be  iiot  insulated. 

Either  power  being  applied  to  one  of  the  sur- 
faces, attracts  the  contrary  power  through  the 
substance  of  the  electric,  and  repels  the  electricity 
of  the  same  sort  with  itself. 

The  two  powers  being  brought  to  the  opposite 
surface  of  the  plate  which'  is  impervious  to  them,' 
remain  suspended,  strongly  attracting  each  other, 
till  the  interposed  plate"  is  broken  by  their  force, 
or  a  communication  is  formed  between  the  two 
surfaces  by  some  conducting  substance. 

The  union  of  the'  two  electricities  destroys  the 
effects  of  each  other,  and  leaves  the  plate  dis- 
charged. 

If  either  surface  of  a  charged  plate  communi- 
cate with  the  earth,  the  power  on  the  opposite 
surface  will  expand  itself  into  a  conductor  which . 
is  contiguous  to  it,  although  the  conductor  be 
insulated. 


ItO  rtpotheses  by  eeles,  &d. 

Experiment  xix.  Let  one  surface  of  a 
charged  plate  be  insulated;  although  the  othef 
communicates  with  the  earth,  no  discharge  of 
either  surface  will  follow. 

Experiment  xx.  rendering  ihe  acUon  of  the 
two  powers  visible.  Let  the  surfaces  o(  an  elec- 
tric plate  be  very  slightly  charged  and  insulated, 
and  let  a  circuit  with  successive  interruptions  be 
formed;  the  two  powers  will  be  visible,  illuminat- 
ing the  points  of  the  interrupted  circuit,  and  each 
power  will  appear  to  extend  further  from  the  sur- 
face contiguous  to  it,  the  stronger  the  charge  is 
communicated  to  the  plate;  but  if  the  illumina- 
tions on  each  side  meet,  there  will  immediately 
follow  an  explosion  of  the  whole  charge. 

The  length  of  the  interrupted  circuit  used  by 
Mr.  ^twood  for  this  experiment  wais  twelve  feet. 

Experiment  xxi.  The  direction  of  the  Hco 
powers  visible  in  a  vacuum.  Let  an  exhausted 
receiver  be  made  part  of  the  electric  circuit,  with 
a  charge  not  sufficient  to  cause  an  explosion,  and 
the  electricity  will  appear  to  proceed  in  oppositQ 
directions  from  the  parts  communicating  with  the 
vitreous  and  resinous' surfaces. 

The  direction  of  the  fluid  is  allowed  to  be  a 
criterion  which  will  prove  or  disprove  the  truth  of 
the  Franklinian  system.  In  the  two  last  experi- 
ments of  Mr.  Atwood,  a  double  current  is  evi- 
dently visible,    and  fully  contradictory   to  their 
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system.  These  experiments  receive  additional 
force  from  Dr.  Gray\  reasoning,  who  has  shewn 
the  iinpossibility  and  absurdity  of  part  of  the 
Franklinian  conclusions;  and  are  further  con- 
firmed by  the  following  experiment  of  Mn  Sym- 
fner^  and  a  similar  one  by  Mr.  Volta. 

When  a  phial  is  electrified  but  a  little,  Mr. 
Symmer  says,  that  if  you  touch  the  coating  with  a 
finger  of  one  hand,  and  at  the  same  time  bring  a 
finger  of  the  other  hand  to  the  wire,  you  will  re- 
ceive a  pretty  smart  blow  upon  the  tip  of  each  of 
the  fingers;^  but  the  sensation  reaches  no  further. 
If  the  phiai  be  electrified  a  degree  higher,  you 
Will  feel  a  stronger  blow,  reaching  to  the  wrists, 
but  no  further.     When,  again,  it  is  electrified  in 
a  still  higher  degree,  a  severe  blow  will  be  re- 
ceived,  but  will  not  reach  beyond  the  ,elbows. 
Lastly,  when  the  phial  is  strongly  charged,  the 
stroke  may  be  perceived  at  the  wrists  and  elbows ; 
but  the  principal  blow  is  felt  at  the  breast,  as  if  a 
blow  fi-om  each  side  met  there.     This  plain  and 
simple  experiment  obviously  suggests   the  exis- 
tence of  two  distinct  powers  in  contrary  directions, 
and  perfectly  accords  with  tKose  of  Mr.  Atwoodi 
and  is  in  direct. contradiction  to  that  assertion  of 
the  Franklinians,  that  the  same  quantity  of  elec- 
tric matter  which  is  thrown  upon  one  of  the  sur- 
faces of  glass  in  the  operation  of  charging  is  driven 
from   the  other,  and  that,  in  the  discharge^  the 
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same  quantity  returns  from  the  one  surface  to  th* 
other* 

Mr.  Volta^  in  the  following  argument  and  ex- 
periment, fairly  gives  up  the  foregoing  position, 
and  endeavours  to  accommodate  his  experiment 
to  an  hypothesis  that  it  directly  disproves. 

The  subsequent  account  is  extracted  from  a 
very  long  paper  of  Mr.  Voltay  in  the  Journal  de 
Physique  for  17 79. 

Let  us  suppose  that  a^  hy  Cy  d^  e^  /,  g^  A,  /,  ^,  /, 
m,  riy  0,  hold  hands;  let  a  grasp  the  outside  of  ^ 
charged  Leyden  phial,  and  0  touch  the  knob;  at 
the  instant  0  receives  the  fire  discharged  from  the 
inside  of  the  knob,  a  will  furnish  from  his  natural 
stock  to  the  outside,  without  waiting  till  the  fire 
arrives  to  him  from  o,  by  «,  to  w,  &c.  in*  the  mean 
while  tbc  loss  of  a  is  compensated  from  ^,  and  ^  is 
furnished  with  fresh  matter  from  ^,  and  soon.  It 
is  still  true,  that  there  is  but  one  stream,  if  we 
consider  only  the  direction  of  the  fluid,  which  is 
excited  simultaneously  at  the  two  extremities,  and 
moves  at  the  same  instant  of  time;  though,  to 
speak  more  accurately^  it  is  not  one  stream,  but 
two  united  in  one.  If  the  extreme  rapidity  with 
which  the  fire  passes  did  not  prevent  our  perceiv- 
ing the  successive  commotions  received  by  the 
persons  who  form  the  chain,  we  should  find  they 
did  not  follow  the  order  0,  «,  w,  /,  but  were  felt 
simultaneously,  first  at  the  two  extremities,  0  and 
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<f,  then  at  n  and  ^,  m  and  Cy  &c.  advancing  to- 
wards the  middle  of  the  chain.  Agreeable  to  this, 
if  the  jar  is  small^  the  longer  the  circuit  is  made, 
those  who  are  furthest  from  fhe  extremities  find 
the  shock  weaker. 

To  render  this  account  more  clear,   separate 
the  circuity  and  form  on  a  dry  floor  two  rows^ 
a^  by  c,  d, — ^yfsgi  hy  interrupted  in  the  middle; 
let  e  grasp  the  jar  by  the  outside,  and  a  excite  the 
discharge  by  touching  the  knob  of  the  jar;  now, 
if  the  electric  fire  was  obliged  to  take  the  shortest 
course  to  come  to  the  exterior  and  negative  sur- 
face, it  ought  to  descend  to  the  feet  .of  e,  pas« 
over  the  boards  to  the  feet  of  r/,  and  then  through 
him  to  the  outside,   without  acting  on  /,  gy  hy 
which  wt)uld  be  out  of  its  circuit.     But,  contrary 
to  this,  the  fluid  goes  out  of  the  direct  course  to 
follow  that  of  the  conducting  persons,  which  af- 
ford it, a  proper  receptacle,  and  comes  to  the  out- 
side by  another  source.      The  fire  which  goes 
from  the  inside  from  e  to  fygy  hy  gives  them  a 
sensible  sensation  in  their  hands  and  their  heels, 
shewing  itself  by  a  spark,  if  the  hands  and  the 
feet  arc  separated  a  little  from  each  other,  and 
finishes  by  dissipating  itself  in  the  conimon  reser- 
voir.    In  the  §ame  manner  J,  who  first  gave  the 
fire  to  the  outside,  receives  it  succe§3ively  from 
r,  b,  ay  who  all  draw  it  in  from  the  flopr.     The 
stream^  therefore^  which  proceeds  from  the  knoh 
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of  the  jar,  passing  through  the  conducting  sub* 
stance,  loses  itself  in  the  general  source;  while, 
from  the  same  source  a  sufficient  quantity  is 
taken  to  supply  the  deficiency  of  the  exterior  sur- 
face,   . 

If  /,  gy  i,  do  not  form  a  chain,  but  are  irregu- 
larly placed  round  e,  the  positive  part  of  the  fluid 
may  be  seen  to  spread  itself  on  different  sides, 
and  divide  itself  in  different  branches  to  reach  the 
floor.  The  fluid  will,  in  the  same  manner,  rise 
froni  the  floor  to  reach  d,  if  tf,  b,  and  c,  are  irre- 
gularly placed  round  him;  so  that  each  surface 
excites  its  own  stream;  one  that  enters  the  jar, 
the  other  proceeding  from  it.  Thus  also,  in  the 
experiments  of  Dr.  JVatson,  where  it  has  been 
supposed  that  the  electric  fluid  has  made  such 
amazing  circuits  through  rivers,  over  fields,  &c. 
the  fluid  from  the  inside  was  dispersed  in  the 
river,  at  the  instant  that  the  outside  collected, 
from  the  same  source,  supfdies  for  it$  own  defi- 
ciency. 

It  appears  also  from  other  experiments,  that  one 
side  of  a  charged  electric  may  contain  more  of  one 
power  than  is  sufiicient  to  balance  the  contrary 
power  on  the  other  side.  For,  if  a  charged  jar  is 
insulated,  and  the  discharge  is  made  by  a  dis- 
charger with  a  glass  handle,  after  the  explosion^ 
the  discharger,  and  both  sides  of  the  jar,  will  pos- 
sess a  contrary  power  to  that  obtained  on  the;  side 
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T>(  the  jar  which  was  touched  the  last  before  the 
discharge. 

Let  us  now  for  a  few  moments  turn  ourselves 
to  Mr.  Edesy  and  hear  him  speak  for  hjmself.* 
The  electric  matter  consists  of  t^o  distinct  elastic 
mediums,  or  powers,  which  equally  and  strongly 
attract  and  condense  each  other,  and  are  equally 
attracted  by  all  matter. 

Hence,  when  any  body  is  immerged  into  an 
electric  atmosphere,  this  atmosphere  not  only  re- 
pds  that  power  of  electricity  in  the  body  which  is 
of  the  same  kind  with  itself,  but  equally  attracts 
the  power  of  a  different  kind  which  is  in  the 
body;  and  the  two  powers  are  sepai*ated  in  the 
body,  as  long  as  it  remains  immerged  in  the  elec- 
tric atmosphere. 

It  is  absurd  to  suppose,  that  bodies  negatively 
electrified  are  deprived  of  their  natural  share  of 
electricity,  for  they  are  no  more  deprived  of  it, 
than  when  they  are  positively  electrified;  and  it  is 
a  manifest  contradiction,  to  suppose  that  bodies 
will  repel  each  other  further,  the  more  they  are 
divested  of  the  power  of  repulsion.  Besides,  when 
a  body  is  electrified  .  negatively,  it  is  impossible 
for  any  one,  by  any  effects  of  that  body  on  another 
bcxljr  which  is  not  electrified^  to  know  it  is  thus 

»  Extracted  from  *'  Philosophical  Essays/*  in  several  letter* 
to  the  Royal  Society,  by  Hi-nry  Eeles,  Es^. 
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electrified;  unless  by  bringing  a  light  substance 
electrified  with  a  known  power,  to  try  whether  it 
will  be  attracted  or  repelled. 

With  respect  to  the  Leyden  phial,  when  the 
jar  is » charged,  it  is  equally  electrified  on  both 
sides,  but  with  the  different  powers  of  electricity ; 
and  when  a  communication  is  made  by  a  conduc-* 
tor,  the  increased  power  without  flics  in,  and  the 
•increased  power  within  flies  out;  for  these  powers 
strongly  attract  and  condense  each  other  when  in 
equilibrium,  or  in  their  natural  state,  and  there- 
fore do  not  in  that  state  exhibit  any  sensible  ac- 
tibn. 

Glass  may  be  equally  electrified  on  both  sidesi 
with  either  the  resinous  or  vitreous  power:  the 
Leyden  phial  insulated  may  be  charged  with 
either  of  the  powers  on  the  inside,  and  the  other 
power  on  the  outside,  by  only  immergihg  it  in 
the  atmosphere  of  a  body  electrified  with  either 
of  those  powers;  and  may  be  discharged  and  re- 
charged in  different  order,  without  contact  or  com- 
munication with  any  thing  but  that  atmosphere. 

Glass  is  not  impervious  to  the  electric  powers, 
for  with  excited  glass,  or  wax,  you  may  electrify 
a  body>,through  glass  with  either  power. 

Experiment  xxir.  Take  a  piece  of  bog- 
down,*  suspend  it  by  silk;  then  take  a  pane  of 

*  Mr.  Eeles  used  bog-down,  which,  I  am  infor|;ned>  is  mucl^ 
more  sensible  than  tbreads  with  a  pith  ball. 
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dean  sash  glass  and  warm  it,  and  let  the  down 
hang  to  the  side  of  it ;  then  bring  an  excited  elec- 
tric to  the  other  side  of  the  glass,  and  the  down 
will  fly  oflT  perfectly  electrified,  in  the  same  man* 
ner  as  if  the  glass  had  not  intervened. 

If  the  excited  electric  be  glass,  the  down  will 
he  electrified  with  the  vitreous  power;  and  if 
wax,  with  the  resinous  power.  Dr.  Franklin  says, 
they  are  different  powers  thrown  from  the  opposite 
side  of  the  glass:  to  do  this,  he  must  allow  two 
different  distinct  powers  to  exist  in  all  glass,  which 
oversets  his  whole  doctrine. 

Dr.  Franklin  also  asserts,  that  glass  cannot  re- 
ceive electricity  on  one  sicie,  without  parting  with 
an  equal  portion  of  its  natural  share  on  the  other 
side.  But  in  this  he  is  entirely  mistaken,  for  you 
cannot  electrify  a  pane  of  glass  on  one  side,  but 
the  other  side  will  be  equally  electrified  with  the 
same  power;  except  you  form  a  communication 
from  one  side  of  the  glass  with  the  non-electrics, 
while  you  electrify  the  other  side;  and  then,  be 
your  excited  electric  either  resinous  or  vitreous, 
it  will  repel  the  power  of  the  same  kind  from  the 
^ass,  and  attract  the  contrary  power  from  the 
non-eIectric8. 

£xP£RiM£NT  XXIII.  Set  a  Leyden  phial  on 
a  clear  dry  electric  stand,  so  that  a  different  power 
from  that  you  attempt  to  charge  it  with  cannot  be 
drawn  up  to  the  outside,  and  both  sides  will  be 
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electrified  with  -the  same  power,  whether  vitreous 
or  resinous. 

Experiment  xxiv.^  To  electrify  a  fane  of 
glass  equally  on  both  sides,  either  with  the  resinous 
or  vitt  eous  powers ,  and  that  by  the  atmosfh^re  of  a 
conductor  electrified  by  either  of  the  fovoers.  Pass 
ten  strong  knitting  needles  through  a  stick,  so 
that  they  may  lie  parallel  to,  and  within  half  an 
inch  of  each  other;  if  they  are  pointed,  the  pur- 
pose will  be  better  answered;  then  fix  a  wax  or 
glass  handle  to  your  stick. 

When  the  conductor  is  electrified,  bring  the 
pane  of  glass  pear  it,  and  draw  the  points  of  the 
wires  which  are  nearest  the  conductor  a  few  times 
slowly  over  the  glass,  beginning  at  the  side  of  the 
glass  next  the  conductor,  and  drawing  them  from 
the  conductor;  and  you  will  find  this  pane  of 
glass  electrified  equally  on  both  sides,  with  the 
power  contrary  to  that  of  the  conductor. 

Experiment  xxv.  To  electrify  the  glass  with 
the  same  power  as  the  conductor.  Place  one  end 
of  the  wires  near  the  conductor,  and  draw  your 
glass  under  or  over  the  otker  points  that  are  from 
the  conductor;  and  the  glass  will  be  electrified 
equally  on  both  sides  with  the  same  power  as  the 
conductor. 

Experiment  xxvi.  To  electrify  a  pane  of 
glass  equally  on  both  sides,  with  the  vitreous  power, 
by  excited  wax ;  and  with  the  resinous,  by  excited 
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glass.  Take  a  clean^  dry,  warm  pane  of  glass; 
place  a  small  bundle  of  linen  rags,  suspended  by 
silk,  or  a  sheet  or  two  of  paper  folded  like  a  letter, 
or  any  non-electric,  on  the  glass;  bring  an  ex- 
cited tube  under  the  pane,  and  in  contact  with, 
or  very  near  it;  and  when  it  has  remained  three 
or  four  seconds,  toss  off  the  rags  or  papers,  and 
instantly  withdraw  the  tube;  and  you  will  find  the 
pane  of  glass  electrified  on  both  sides  with  the 
vitreous  power,  and  the  non-electric  which  was 
on  the  pane;  with  a  contrary  power. 

To  explain  these  fhemmtna.  The  two  contrary 
powers  of  electricity  are  equally  adhesive  to  the 
pane  of  glass,  as  they  are '  indeed  to  all  matter : 
they  attract  and  condense  each  other  into  almost 
an  insensible  space,  and  do  not  in  that  state  exert 
any  sensible  action;*  but  the  atmosphere  of  the 
non-electric  drives  part  of  the  same  power  out  of 
the  glass  into  the  non-electric;  and  at  the  same 
time  attracts  the  coniraxy  power  of  electricity 
into  the  glass. 

Now,  the  non-electric  being  taken  away,  the 
difierent  powers  in  the  glass  are  rendered  unequal 

*  This  poeition  is  illnstratcd  \ff  all  the  experiments  whai^ 
theie  is  any  solution  of  continuity,  as  in  bitaking  a  stick  of  ' 
sealing-wax,  as  in  the  electiophoniSy  condenser,  doubler,  &c. 
which  on  the  other  hypothesis  are  very  obscurely  explained,  if 
explained  at  all.     Mr.  IVilsona  experiments  with  the  tubes  and 
pith  balls,  are  also  further  illustrations  of  Mr.  Eilas  opinions. 


120     EELES'S  SYSTEM  PREFERABLE 

« 

to  each  other;  and  the  increased  power,  by  its 
elastic  force,  the  attraction  of  the  other  power 
being  lessened,  expands  itself  into  an  extensive 
atmosphere;  which  atmosphere  acts  in  all  respects 
like  the  atmosphere  of  any  electric  excited  by  the 
sanje  power. 

For,  all  electrics  are  excited  in  the  same  man- 
ner, by  the  separation  of  the  contrary  powers^ 
which  are  equally  inherent  in  them  and  all  other 
bodies^  till  separated  by  friction,  &c.  And  the 
reason  why  non-electrics  cannot  be  electrified, 
unless  they  are  insulated,  is^  because  the  dilBferent 
powers  change  place  so  quickly;  for,  the  atmos<> 
phere  of  an  excited  non-electric  always  attracts 
one  power  in  the  non-electric,  and  repels  the 
contrary;*  yet,  as  soon  as  it  is  removed,  the 
powers  instantly  unite  by  their  mutual  attraction. 

Experiment  xxyii.  A  LeyJen  phial  being 
suspemied  by  silky  to  charge,  discharge,  and  recharge 
it  ivith  the  powers  in  the  contrary  otder,  only  by  the 
iihrospherc  of  an  elect rijied  conductor.  Fix  some 
sharp  pointed  wires  to  the  coating  of  a  jar,  so  that 
they  may  project  an  inch  below  the  coating.  Fix 
some  sharp  pointed  needles,  projecting  upwards, 
to.  the  rod  in  the  inside  of  the  jar,  suspend  the  jar 
by  silk,  and  bring  it  so  that  the  rod  from  the 
inside  may  point  to  the  conductor.     While  the 

*  See  this  clearly  proved  by  JViUons  Es^periments. 


TO  THE  FBANKliINIAN.  121 

wheel  is  turning,  let  it  remain  there  for  some 
time,  and  you  will  find  the  inside  charged  with 
the  same  power  as  the  conductor. 

Now  suspend  the  jar  over  the  conductor  for  the 
same  time,  with  the  wires  from  the  bottpm  point- 
ing to  the  conductor,  and  you  will  find  the  jar  to 
be  discharged.  But,  let  it  remain  as  long  again, 
and  the  jar  will  be  recharged,  but  in  a  contrary 
order  to  what  it  was  at  firsL 

The  conductor  being  electrified  with  the  vitre-* 
ous  power,  attracts  the  resinous  power  from  the 
inside  of  the  jar,  and  the  non-electric  contained 
therein,  and  enters  itself  in  the  room  thereof,  till 
the  inside  is  electrified  like  the  conductor  with 
the  vitreous  power. 

The  vitreous  power  on  the  inside  repels  the 
vitreous  power  on  the  outside  through  the  points 
of  the  wires,  and  attracts  the  resinous  from  the 
air,  till  through  the  points  it  arrives  at  the  outside 
of  the  jar,  where  it  meets  a  resistance  from  the 
glass,  and  is  there  held  in  firm  contact  by  the  at- 
traction of  the  contrary  powers,  on  the  inside  of 
the  jar,  and  thus  the  jar  remains  charged  when 
taken  from  the  atmosphere  of  the  conductor., 

When  the  experiment  is  reversed,  by  bringing 
the  wires  at  the  bottom  of  the  jar  pointed  to- 
wards the  conductor,  the  vitreous  atmosphere  of 
the  conductor  attracts  the  resinous  power  from 
the  outside^  and  adds  to  the  vitreous  power  al- 


^ 
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ready  there;  this  power  repels  the  vitreous  power 
from  the  inside^  and  attracts  the  resinous  power 
through  the  needle^  till '  the  jar  beeomes  charged 
in  a  contrary  order. 

The  whole  of  electricity  and  excitation  depends 
on  the  separating  the  vitreous  and  resinous  pow-* 
ers  by  lessening  the  one  and  increasing  the  other. 
In  excited  electrics,  these  powers  are  never  en- 
tirely separate,  but  the  lessened  power  acts  inward 
to  the  electric,  and  the  increasing  power  acts 
outward  from  the  electric,  with  an  extensive  at- 
mosphere. 

Mr.  Franklin  asserts,  that  glass  cannot  receive 
electricity  on  one  side,  without  parting  with  so 
much  of  its  natural  share  on  the  other  side;  but 
this  is  demonstrably  false;  for,  a  pane  of  glass 
may  be  electrified  equally  on  both  sides  with 
either  power;  or  the  Leyden  phial,  when  insu^ 
lated,  may  be  electrified  at  both  sides  with  either 
power. 

M.  Nollety  when  he  talked  of  afBuences  and 
ef&uences,  was  in  a  great  degree  right;  but  he 
knew  not  that  it  was  an  affluence  of  one  power 
and  an  effluence  of  another.  All  his  experiments 
which  prove  a  double  current,  make  directly 
against  the  Franklinian  system,  and  in  favour  of 
the  two  powers. 

That  there  is  an  affluence  and  effluence,  may 
be  proved  by  many  experiments,  of  which  one 
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only  Will  be  mentioned  here,  namely^  the  com^ 
mon  one  with  the  dancing  images. 

Experiment  xxvm.  When  you  dry  the 
head  of  one  of  those  images,  the  power  thrown 
out  from  the  conductor  cannot  enter  the  image 
with  the  same  facility  with  which  the  contrary 
power  from  the  table  enters  at  the  feet,  which  are 
not  so  dry;  this  will  therefore  ascend  to  the  upper 
plate,  and  remain  there.  Reverse  the  experiment; 
dry  the  feet  and  wet  the  head,  and  the  image  will 
fix  Itself  to  the  lower  plate.  If  the  image  retains 
so  much  more  of  the  attracted  power  as  will  ba- 
lance against  its  weight,  than  there  is  of  the 
contrary  power  which  proceeds  from  the  conduc- 
tor, the  image  will  be  suspended  between  the  two 
plates. 

This  may  be  effected  by  making  the  head.of  the 
image  broad  and  round,  which  does  not  admit 
the  power  coming  out  so  readily,  as  the  feet,  being 
sharp,  admit  the' power  going  in.  A  minute  alte- 
ration will  make  the  images  dance,  or  remain 
fixed  to  one  of  the  plates. 

It  is  not  bare  matter  that  is  attracted  in  these 
experiments,  but  the  electric  power  which  is  inhe- 
rent or  adhesive  to  that  matter. 

Experiment  xxix.  To  shew  that  the  electric 
powers  condense  each  other.  Take  two  panes  of 
clean  sash  glass  that  will  lie  evenly  on  each  other; 
place  a  sheet  of  paper  folded  like  a  letter  on  your 
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table^  place  the  two  panes  on  the  paper,  ami  a 
like  paper  on  the  upper  pane;  then  take  a  large 
CKcited  glass  tube,  and  roll  your  tube  over  the 
upper  p^per;  repeat  the  exciting  and  rolling  five 
or  six  times;  at  the  last  rolling,  take  up  your 
panes,  upper  paper,  and  tube  together,  and  then 
immediately  take  off  the  tube  and  upper  paper; 
then  Iwing  the  two  panes  joined  together  to  a  piece 
of  bog-down  suspended  by  silk,  and  you  will  find 
the  panes  thus  joined  have  very  little  efTect  on  the 
down. 

Separate  the  panes,  and  each  pane  will  be 
strongly  electrified,  the  upper  pane  with  the  vi- 
treous power  on  both  sides,  the  under  one  with 
the  resinous  power  on  both  sides;  touch  the  down" 
with  cither  pane,  and  it  will  be  repelled  by  that 
and  attracted  by  the  other. 

Place  your  panes  together  as  at  first,  and  then 
you  will  find  that  the  powers  condense  each  other, 
so  as  to  have  very  little  effect  on  the  down;  but> 
as  you  separate  the  panes,  you  will  find  the  difte- 
rent  powers  act  as  before. 

The  panes,  if  they  lie  in  contact  with  each 
other,  and  are  highly  electrified,  will  stick  toge- 
ther by  their  mutual  attraction,  and  separate  with 
a  snap. 

If  the  experiment  be  made  on  a  pewter  plate 
placed  on  a  glass  stand,  you  will  find  the  powers 
have  changed  place  through  the  whole ;  the  vitre-r 
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OU5  power  of  the  tube  attracting  part  of  the  resi- 
nous power  from  the  first  glass^  and  adding  part 
of  its  own  vitreous  power  to  the  glass;  by  which 
means  the  glass  becomes  electrified  with  vitreous 
power,  which  repels  the  vitreous  power  of  the 
paper  and  plate  into  the  under  glass;  and  thus 
the  under  glass  is  electrified  with  the  resinous, 
and  the  plate  with  the  vitreous  power. 

A  due  consideration  of  the  foregoing  experi- 
ments will  explain  all  the  transactions  of  the  elec- 
tric powers-  For,  in  exciting,  the  rubber  always 
draws  off  as  much  of  one  power  as  it  adds  of  the 
other;  and  is,  therefore,  always  electrified  with  a 
power  contrary  to  the  increased  power  of  the  ex- 
cited electric. 

When  an  excited  electric  el^trifies  an  insu- 
lated non-electric,  it  draws  as  much  of  one  power 
from  it  as  it  gives  of  the  other,  and  is  therefore 
as  much  unelecitrified  itself  as  it  electrifies  the 
non-electric;  and  thus  this  change  goes  on,  till 
the  powers  become  equal  to  each  other^  which  in 
non-electrics  is  done  almost  instantaneously. 

Experiment  xxx.  Place  a  charged  jar  upon 
an  electric  stand,  and  let  a  cork  ball  suspended  by 
a  silk  hang  against  the  outside  of  the  jar;  touch 
the  top  of  the  jar,  and  the  ball  flies  off  strongly 
electrified  with  the  resinous  power;  and  thus  you 
may  j^o  on  for  a  great  nuipber  of  times^  to  alter 
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tlie  balance  withifiside  and  withoutsidc  the  jar,  by 
alternately  touching  the  top  and  boUom. 

Now,  can  any  Franklinian  suppose,  that  it  is 
the  return  of  their  positive  po>*cr  to  the  emptied 
side  of  the  glass  that  electrifies  the  down  nega-» 
tively  ? 

The  truth  is,  when  you  touch  the  top,  you  take 
a  spark  of  the  vitreous  power  from  the  inside,  and 
in  exchange  give  as  much  of  the  resinous  thereto, 
which  lessens  the  attraction  of  the  vitreous  power 
on  the  inside,  and  leaves  the  resinous  power  with- 
outsidc in  greater  quantity  than  the  vitreous  on 
the  inside,  and  consequently  at  liberty  to  ex- 
change powers  with  any  non-electric  in  contact 
with  it;  and  thus  the  ball  becomes  electrified  with 
the  resinous  power. 

Experiment  xxxi.  Take  two  sheets  of  pa- 
per folded  lik6  large  letters,  and  place  them  on 
your  table,  with  a  pane  of  clean  dry  glass  on  each 
paper;  then  take  a  large  glass  tube  well  excited^ 
and  roll  it  over  one  of  the  panes;  th^n  take  up 
the  pane  and  tube  together,  and  instantly  with- 
draw the  tube,  you  will  find  that  pane  strongly 
electrified  at  both  sides  with  the  resinous  power, 
which  Dr.  Franklin  says  is  a  thing  that  cannot  be 
done. 

Repeat  the  operation,  and  while  your  pane  is 
electrified  with  the  resinous  power,  lay  it  on  the 
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Other  pane  for  four  or  live  seconds;  take  up  your 
panes,  together,  and  then  separate  them :  you  will 
find  the  first. pane  still  electrified  with  the  resi* 
nous,  or  minus  power,  and  the  other  pane  elec- 
trified on  both  sides  with  the  vitreous  or  plus 
power. 

Now,  if  any  man,  says  Mr.  Eeks,  can  frame  or 
shew  an  hypothesis,  to  explain  by  the  action  of 
one  single  power  how  a  body  divested  of  its  natu- 
ral share  of  that  power,  can  give  another  body  an 
additional  share  of  that  power,  he  will  overset 
all  the  rules  of  reasoniug  with  ^hich  I  am  ac- 
quainted. 

It  is  readily  explained  on  the  principle  of  two 
powers.  The  first  pane  having  a  greater, quantity 
of  the  resinous  power,  repels  the  resinous  power 
fi'om  the  second  pane  to  the  non-electric  under  it, 
and  attracts  an  equal  quantity  of  the  vitreous 
power  from  the  non-electric  into  the  pane;  by 
which  means  that  pane  has  an  increased  share  of 
the  vitreous  power;  which  increased  power  will, 
by  its  own  elastic  force,  expand  into  an  atmos- 
phere, and  therefore  thc^  pane  will  be  electrified 
by  that  pow^. 

Experiment  xxxii.  for  the  further  illiisira^ 
tiau  of  the  recij^ocal  exchange  of  the  electric  powers. 
Fix  a  wire  to  the  under  part  of  a  coated  jar,  so 
that  the  point  may  stand  upright,  and  on  that 
point  place  the  needle  with  the  reversed  points* 
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Place  this  jar  on  an  electric  stand,  with  a  commU-* 
hication  from  the  conductor.  All  the  time  thd 
jar  is  charging,  the  needle  will  turn ;  but  when 
the  jar  is  charged,  the  needle  stopS;  Then  touch 
the  top  of  the  bottle  with  your  finger,  or  any  con- 
ductor, and  the  needle  will  turn  till  the  jar  i^ 
discharged.  Now,  while  the  jar  is  charging,  if 
you  toirtK  the  needle  with  a  piece  of  bog-dowri 
suspended  by  silk,  you  will  find  it  electrified  with 
the  vitreous  power,  which  flies  ofFin  exchange  for 
the  resinous  power  drawn  in  from  the  air  to  the 
outside  of  the  jar;  and,  while  the  jar  is  discharg- 
ing, if  you  touch  the  down  in  the  same  manner 
to  the  needle,  you  will  find  it  electrified  with  the 
resinous  power,  which  flies  oflf  from  the  outside 
of  the  jar  in  exchange  for  the  vitreous  power 
drawn  in  through  the  points  from  the  air;  while 
the  vitreous  power  from  the  inside  of  thb  jar 
makes  the  same  exchange  for  the  resinous  power 
through  your  finger,  to  make  these  diflferent. 
powers  equal  to  each  other,  withinside  and  with- 
outside  the  jar. 

Experiment  xxxiii.  Place  two  Leyden 
jars  on  an  electric  stand,  with  their  coatings  in 
contact;  and  while  you  charge  one  from  the 
conductor,  let  a  person  on  the  floor  touch  the  top 
of  the  other  jar  with  his  finger;  you  will  find  the 
first  jar  charged  with  the  vitreous  power  inside, 
and  tbe  second  wnth  the  resinous  power  inside* 
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Kow  the  exchange  here  is  evident;  for,  while  the 
resinous  power  from  the  inside  of  the  first'  jar 
changes  place  with  the  vitreous  thrown  in  from 
the  conductor,  the  vitreous  from  the  coating 
changes  place  for  so  much  of  the  resinous  from 
the  coating  of  the  second  jar;  and  the  vitreous  in 
that  jar  changes  place  for  so  much  of  the  resinous 
power  drawn  in  through  the  man  on  the  floor. 

I  could  easily,  says  Mr.  EeleSy  furnish  experi* 
ments  sufficient  to  fill  a  great  deal  of  paper;  but 
I  shall  only  mention  one  or  two,  which  I  have 
often  made,  and  have  shewn  to  many  gentlemen 
versed  in  this  science,  which  perhaps  may  puzzle 
the  writers  on  this  subject:  but  whoever  can  make 
them,  must  and  will  understand  my  doctrine  of 
electricity;  and  plainly  discover,  that  all  that  has 
been  said  about  positive  and  negative  electricity, 
or  a  plus  and  minus  of  the  same  power,  has  been 
to  little  purpose,  and  only  served  to  keep  men  in 
the  dark  about  this  science*. 

Mr.  Eeles  had  a  glass  globe,  entirely  smooth, 
which,  with  the  same  rubber,  he  could  make 
throw  out  the  resinous  or  vitreous  po^ver,  and 
electrify  other  matters  with  each  power  as  often  as 
he  pleased:  and  generally  he  could  charj^c  these 
powers  in  one  revolution  of  the  globe;  but  in  two 
or  three  revolutions  he  never  failed  to  do  it. 

« 

He  had  another  glass  globe  entirely  smooth, 
supported  by  one  glass  neck,  from  the  equatorial 
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line  of  which  globe  he  could  electrify  with  the 
resinous  or  vitreous  power,  as  he  thought  proper, 
without  applying  a  hand  or  any  rubber  to  the 
globe,  or  any  friction  from  the  things  to  be  elec- 
trified; and  what  is  more,  he  could  electrify  two 
things  with  the  different  powers  at  the  same  time. 

He  hopes  his  readers  will  forgive  him  for  not 
explaining  these  experiments,  till  he  sees  who  can 
make  them,  and  explain  them  by  the  doctrine  of 
positive  and  negative  electricity,  or  a  plus  and 
minus  of  the  same  power. 

As  he  has  seen  Mr.  Priestley  quoted^  for  im- 
proving and  methodizing  the  theories  of  M.  du 
Fay  and  Mr.  Symmer\  he  observes,  that  M.  du  Fay 
never  thought  of  the  co-existence  of  these  diffe- 
rent powers  in  all  bodies;  nor  even  Mr.  Muschen-- 
broecky  long  after  him ;  therefore,  there  was  not 
any  theory  of  M.  du  Fays  to  be  methodized. 
His  papers  will  appear  to  have  been  written  to  the 
Royal  Society,  before  Mr.  Symmer  thought  any 
thing  of  the  matter;  however,  as  far  as  he  has 
gone,  he  was  right;  and  he  thinks  that  Mr. 
Priestley  has  made  too  much  of  a  trifling  objection 
to  what  Mr.  Symmer  has  said,  that  any  man  from 
his  own  sensations,  would  be  convinced  that  the 
powers  came  in  opposition  from  both  sides  of  the 
jar,  by  feeling  a  slight,  shock  in  his  wrists,  a 
stronger  in  his  elbows,  and  so  on;  Mr.  Symmer 
did  not  say  that  these  powers  did  not  circulate 
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llirotigh  the  body,  but  that  this  sensation  would 
shew  their  different  direction;  and  an  explanation 
of  these  different  sensations  depends  on  a  know- 
ledge of  anatomy,  and  the  action  of  these  powers 
on  the  different  parts,  which  it  is  possible  that 
both  Mr.  Priestley  and  Mr.  Symmer  may  be  stran- 
gers to.  But  this  objection  was  only  a  pretext  to 
mend  Mr.  Summer's  discoveries.  Mr.  Eeks  he^ 
lievcs  it  will  plainly  appear  to  any  gentleman,  who 
does  him  the  honour  to  read  his  papers  with  atten* 
tion,  that  the  only  theory  which  Mr.  Pr;V^//^ 
could  have  methodized,  must  be  what  he  took 
from  his  papers;  if  an  hypothesis  can  be  said  to 
methodize  a  doctrine  which  was  clearly  proved  by 
experiments  ten  years  before.  He  pertinently  asks, 
which  of  Mr.  Priestley^  own  numerous  experi- 
inents,  or  what  experiments  of  any  other  man,  he 
has  explained  by  his  hypothesis?  or  how  he  has 
supported  this  hypothesis?  or  whence  he  took  it? 
For  he  has  not  produced  a  single  experiment  in 
aid  of  it,  to  shew  the  existence  or  manner  of  act- 
ing of  these  different  powers.  Or  he  would  ask^ 
whether  his  hypothesis  has  added  ^ny  thing  to  the 
truth  or  explanation  of  what  he  has  written?  Or, 
if  he  had  happened  to  have  written  that  hypothesis, 
whether  he  should  have  put  this  matter  in  a  clearer 
light  than  what  he  has  done?  Or,  what  man 
would  have  depended  on  that  hypothesis,  without 
any  other  proof?     So  that  he  thinks  Mr.  Priestley 

I  4 
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may  fairly  own  from  whence  he  framed  his  hypo- 
thesis; for,  after  reading  these  papers,  Mr.  Priest^ 
ley  has  shut  Mr.  Eeles  out  of  his  history  of  elec- 
tricity; though  all  his  papers  were  addressed  to 
the  Royal  Society,  of  which  he  is  a  member;  and 
it  appears  from  the  first  of  them  that  his  attempt, 
to  shew  the  electric  powers  were  the  cause  of 
thunder,  was  approved  by  that  society ;  and  is  the 
only  attempt  of  that  kind  which  stands  recorded 
in.  the  Philosophical  Transactions.  As  for  the 
rest  of  them,  with  Mr.  Priestley  and  his  hypothe- 
sis, he  leaves  to  the  judgment  of  unprejudiced 
readers.* 
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ON  THE  METHOD  OP  USING  THE  ELECTRICAL 
APPARATUS,  AND  A  DESCRIPTION  OP  THE 
PRINCIPAL  ARTICLES  THEREOF. 

Mr.  Beciet  has  well  observed,  that  an  electrician 
should  divest  himself  of  fear,  though  not  of  cau- 
tion. There  is  no  possible  dafiger  in  any  electri- 
cal experiments,  except  in  the  charging  of  large 
jars  and  batteries;  nor  need  he  be  under  any  fear 
from  these,'  while  he  is  careful  not  to  touch  any 
part  of  the  prime  conductor,  or  the  wires  leading 
to  the  insides  of  the  jars. 

It  is  not,  however,  unusual  for  persons,  who  arc 
but  little  acquainted  with  the  nature  of  electricity, 
to  testify  evident  marks  of  fear,  upon  their  api- 
proaching  an  electrical  machine:  some  can  scarce 
be  prevailed  on  to  receive  the  slightest  discharge 
from  the  phial,  or  even  to  take  a  spark  from  the 
conductor,  though  they  see  others  perform  both 
without  the  least  inconvenience.  This  want  of 
resolution  might  be  excusable  in  women  and 
children,  but  one  cannot  help  smiling  at  the  timi- 
dity of  a  man  who  can  express  any  apprehensions 
at  a  momentary  smart,  of  a  pain  which  is  rather 
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imaginary  than  real,  and  can  seldom  be  of  half 
a  second's  duration.* 

Though  I  have  already  metitioned  the  precau- 
tions to  be  used,  and  the  directions  to  be  followed 
in  exciting  and  using  an  electrical  machine,  yet 
I  hope  a  repetition  will  not  prove  unnecessary; 
the  more  so,  as  it  is  evidently  for  the  interest  of 
the  science,  that  every  thing  be  made  as  plain  and 
clear,  as  easy  and  inviting,  as  possible  to  begin- 
ners. 

When  the  weather  is  clear,  and  the  air  frosty, 
the  electrical  machine  will  generally  work  well ; 
but,  when  the  weather  is  damp,  it  will' be  neces- 
sary  to  bring  it  into  a  warm  room;  the  cylinder, 
all  the  insulating  pillars,  and  the  tops  of  the  jars, 
&c.  should  be  made  thoroughly  dry. 

Clean  the  cylinder  and  wipe  the  silk,  then 
grease  the  cylinder,  by  turning  it  sigainst  a  greased 
leather,  till  it  is  uniformly  obscured.  Turn  the 
cylinder  till  the  silk  has  wiped  off  so  much  of  the 
grease,  as  to  render  it  semi-transparent. 

Put  some  amalgam  on  a  piece  of  leather,  and 
spread  it  well,  so  that  it  may  be  uniformly  bright; 
apply  this  against  the  turning  cylinder;  the  fric- 
tion will  immediately  increase,  and  the  leather 
must  not  be  removed  until  it  ceases  to  become 
greater. 

*  Be(;kcfs  Essay  on  Electricity,  p,  45. 


THB  ELECTRICAL  APPARATUS.  135 

If  several  jars  are  connected  together,  among 
which  there  is  one  that  is  apt  to  discharge  itself 
sooner  than  the  other  jars,  the  rest  of  the  jars  will 
be  discharged  with  it,  although  by  themselves 
they  may  be  capable  of  holding  a  very  great 
charge. 

To  discharge  a  j^r,  a  communication  musttbe 
formed  between  the  outside  and  the  inside  of  the 
jar  by  a  conducting  substance.  Thus,  if  you 
place  one  hand  in  connexion  with  the  outside 
coating  of  the  jar^  and  touch  the  ball  with  the 
other,  the  jar  will  be  discharged,  and  you  will  re- 
ceive  the  shock.  To  avoid  the  shock,  three  kinds 
of  dfscharging  rods  have  been  contrived;  one  of 
these,  represented  in  plate  2,  Jig.  1,  is  a  semicir- 
cular brass  wire,  furnished  with  two  brass  balls, 
one  at  each  end  of  the  wire.  The  second  is  simi- 
lar in  shape,  and  is  called  the  luminous  discharg- 
ing rod ;  the  brass  balls  are  connected  together 
by  a  piece  of  iron  chain,  which  passes  through  a 
glass  tube;  the  handle  is  of  wood:  in  the  dis- 
charge, luminous  brushes  are  perceived  at  each 
juncture  of  the  chain ;  this  effect  will  not  be  pro- 
duced by  a  brass  chain.  The  third  is  a  jointed 
discharging  rod  with  a  glass  handle,  ^fg".  2;  the 
legs  of  this  are  moveable,  and  may  be  set  to  any 
given  distance  by  means  of  the  joint  at  C,  which 
renders  it  exceedingly  convenient  in  a  variety  of 
cases.     The  extremities  of  the  legs  are  pointed; 
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the  points  enter  into  the  balls,  a,  by  which  are 
screwed  on  the  extremities,  and  from  which  they 
may  be  unscrewed  at  pleasure;  so  that  either  the- 
balls  or  the  points  may  be  used  as  occasion  re- 
quires. These  three  kinds  of  discharging  rods 
are  used  in  the  same  manner;  that  is,  to  discharge 
a  jar  with  them,  you  place  one  ball  of  the  dis- 
charging rod  on  the  external  coating  of  the.phial^ 
then  bring  the  other  to  touch  the  knob  of  the 
wire  which  communicates  with  the  inside  of  the 
jar,  when  an  explosion  will  take  place  and  the 
phial  will  be  discharged.  It  is  scarcely  necessaiy 
to  say,  that  the  jointed  and  luminous  dischargers 
are  to  be  held  by  their  respective  handles,  and  the 
plain  one  by  the  semicircular  part  of  the  wire. 

Mr.  Brooke  asserts,  that  the  spontaneous  dis- 
charging of  a  ^  phial  is  much  facilitated  by  its 
being  made  very  dry  and  clean;  insomuch,  that  a 
jar  will  not  take  so  great  a  charge  when  quite 
clean  and  dry,  -as  it  was  otherwise  capable  of 
being  made  to  take:  so  that,  in  order  to  give  the 
greatest  possible  charge  to  a  Leyden  phial,  it 
seems  necessary  that  something  of  a  very  slight 
oiliness  should  be  rubbed  over  its  surface,  somc«> 
thing  nearly  of  a  non-conducting  substance;  per- 
haps a  slight  coating  of  tallow.  If  the  electrical 
appai*atus  be  kept  in  a  very  warm  dry  room,  the 
advantage  of  soiling  the  naked  part  of  the  glass 
V'ill  soon  appear;  but,  if  the  apparatus  be  kept  in 
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a  cool  room,  where  there  is  neither  fire  nor  sun, 
the  above-mentioned  method  will  be  of  little  use. 
-  For  the  purpose  of  charging  batteries  or  large 
jars,  a  large  conductor  is  very  disadvantageous; 
the  battery  should  also  be  placed  at  such  a  dis« 
tancc  from  the  machine  and  prime  conductor,  as 
to  be  as  far  as  possible  from  their  atmospheres* 
If  the  machine '  and  prime  conductor  be  very 
large,  the  person  who  works  the  machine  should 
be  insulated. 

Mr.  Brooke  says,  that  a  certain  quantity  of  con- 
ducting surface  disposed  in  length,  and  joined  to 
a  prime  conductor,  added  more  to  the  strength 
and  pungency  of  a  spark  or  stroke,  than  the  same 
quantity  disposed  in  thickness  and  joined  to  the 
same  conductor.* 

It  is  adviseable  not  to  handle  a  jar  or  battery, 
even  after  it  has  been  discharged,  as  there  is  often 
a  considerable  residuum :  this  may  be  got  rid  of 
by  applying  the  discharging  rod  twice  or  even 
thrice  to  the  jar,  iSc c. 

To  avoid  a  shock,  be  careful  never  to  touch  the 
top  and  bottom  of  the  jar  at  the  same  time,  nor 
ever  to  enter  a  circuit  formed  between  the  inside 
and  outside  of  a  jar. 


*  Sec  Brooke  %  Miscellaneous  Experiments  and  Remarks  on 
Electricity,  &c. 
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A  charged  phial,  set  upon  electric  substances^ 
(insulated)  may  be  taken  bold  of  without  danger, 
cither  by  the  coating  or  the  wire. 

The  outside  of  a  charged  jar  may  be  handled 
with  impunity.  If  the  knob  alone  be  touched, 
only  a  prickling  sensation  will  be  felt,  the  dis- 
charge will  be  silent  and  without  explosion. 

If  any  conducting  substance  be  near  the  ma- 
chine while  working,  it  generally  receives  part  of 
the  electric  matter,  and  carries  it  off:  it  is  therc-r 
fore  proper  to  remove  every  thing  to  a  distance 
that  is  not  immediately  wanted.  The  flame  of  a 
candle  near  the  cylinder,  or  any  part  of  the  con- 
ductor, efFectually  takes  off  the  electricity,  and 
spoils  the  operation. 

When  the  insulating  stool,  whose  feet  are  of 
glass,  see  plat^  2,  Jig.  6,  is  made  use  of,  it  is 
very  advantageous  to  place  a  sheet  of  clean  dry 
paper  under  the  feet. 

When  a  chain  is  suspended  from  the  rubber, 
all  bodies  in  contact  with  the  prime  conductor 
are  said  to  be  positively  electrified ;  but,  when  the 
chain  is  suspended  from  the  prime  conductor,  all 
bodies  in  contact  with  the  rubber,  or  cushion 
connected  with  it,  are  said  to  be  negatively  elec- 
trified. 
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A  LIST  OF  THB  APPARATUS  AS  REPBBSENTED 
BY  THE  FIGURES  IN  THE  PLATES  TO  THIS 
WORK,    BY  THE  EDITOR, 

It  will  be  of  much  advantage  to  the  reader,  a 
beginner  in  the  sciencei  to  make  himself  now  ac- 
quainted with  the  names  of  the  various  apparatus, 
as  represented  in  the  plates  to  this  work,  and  their 
places  of  application.  I  have  enlarged  upon  the 
descriptions  and  the  number  of  references  given 
by  our  late  Author, .  and  placed  the  references  ia 
fin  orderly  arrangement. 

PLATE   I. 

Fig.  1,  2,  3,  4,  5,  6,  7,  electrical  appearances, 
as  described  by  Mr.  William  Nicholson. . 

Fig.  8,  a  cylinder  electrical  machine,  with  a 
simple  winch. 

Fig.  9,  an  electrical  doubler,  as  described  by 
the  Rev.  Mr.  Bemiet  and  Mr.  Nicholson. 

Fig.  9,  No.  2,  a  side  view  of  the  same  instru- 
ment 

Fig.  10,  Mr.  Bennetts  gold  l^f  electrometer, 
with  Fohcts  condensing  plates. 

Fig.  li^M.de  Satissures  pith  ball  electrometer. . 

Fig.  12,  the  same  electrometer  placed  in  a  dif-^ 
^rent  position. 
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Fig.  13,  a  parachute  occasionally  applied  to 
ditto. 

Fig.  14,  15,  l6,  17,  apparatus  for  electrical  ex- 
periments on  airs,  by  Morgarty-tiC. 

Fig.  18,  Mr.  Bennefs  'apparatus  for  electrical 
atmospherical  experiments- 

Fig.  19,  20,  represent  experiments  with  Mr. 
Bentie^'s  electrometer. 

Fig.  21,  illustrative  of  the  action  of  charged 
jars  and  atmospheres  by  Mr.  Bennet. 

Fig.  22,  ajar  with  belt,  wire  and  ball,  and  cork 
sfudcr,  called  the  animated  spider. 

PLATE   II. 

Fig.  1 ,  a  brass  semicircular  discharging  rod,  for 
discharging  the  electricity  of  a  Lcyden  jar. 

^^£'  ^>  ^  jointed  ditto.  These  two  have  been 
already  described. 

Fig.  3,  a  very  useful  apparatus,  called  an  uni- 
versal discharger.  A  B  is  the  mahogany  base,  to 
which  are  cemented  two  glass  round  pillars,  C,  D? 
on  the  top  of  each  of  these  is  also  cemented  a 
brass  cap,  and  a  double  joint,  for  horizontal  and 
vertical  motions;  oxy  the  top  of  each  joint  is  a 
spring  tube,  which  hold  the  sliding  wires  and 
balls,  ET,  F  E;  so  that  these  wires  may  be  set  at 
various  distances  from  each  other,  and  turned  into 
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any  direction;  the  extremities  of  the  wires  are 
pointed,  and  are  covered  occasionally  by  the  two 
brass  balls/  which  are  adapted  to  the  wires  by 
spring  sockets.  G  H  is  a  small  round  mahogany 
table,  having  an  ivory  slip  inlaid  in  the  middle; 
to  this  table  is  connected  a  round  stem  fitted  into 
the  wooden  socket,  I:  the  table  may  be  raised 
occasionally  to  various  heights,  and  fixed  at  any 
one  of  them  by  the  screw  in  the  socket,  K.  The 
rings  shewn  at  E,  F,  are  for  the  convenience  of  a 
chain  or  wire  being  fastened  to  them. 

Fig.  4,  is  a  small  mahogany  press  with  a  round 
stem,  also  fitted  to  the  socket,  I,  of  fig.  3 :  when 
the  table,  G  H,  is  removed,  this  press  is  to,  be 
occasionally  substituted.  The  press  consists  of 
two  flat  pieces  of  mahogany,  and  which  are  forced 
together  by  two  brass  screws,  a,  a. 

The  uses  of  the  table  and  press  are  for  keep- 
ing steady  all  descriptions  of  bodies  through  which 
the  charge  of  the  Leyden  jar  or  battery  is  to  be 
conveyed. 

Fig.  by  is  Mr.  Kifinersleys  electrical  air  ther- 
jnometel-^  and  is  for  shewing  the  degree  of  the 
expansibility  of  the  air  within  the  tube,  by  diffe- 
rent charges  of  electricity  being  conveyed  through 
it*  ab  is  a  glass  tube,  on  each  end  of  which  a 
brass  cap  is  cemented;  cd,  a  small  thermometer 
tube^  open  at  both  ends,  which  passes  through 
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the  upper  bras6  cap,  and  nearly  reaches  the  bot^ 
torn  of  the  under  cap;  a  box  scale,  divided  into 
inches  and  tenths^  is  fitted  to  the  upper  part  of  th^ 
tube,  g  is  a  brass  wire  and  ball  fixed  to  the  bot- 
tom of  the  urider  cap:  a  similar  sliding  ball  and 
wire,  f  h,  passes  air  tight  through  a  collar  of  lea- 
thers on  the  upper  Cap,  and  its  lower  brass  ball 
may  be  placed  at  different  distances  from  the  ball 
of  the  fixed  wire,  g.  The  plate  of  the  upper  cap 
is  made  to  unscrew,  so  that  red-coloured  watet 
may  be  put  in,  previous  to  the  performance  of  the 
experiment.  By  the  rising  of  this  water  in  the 
thermometer  tube  over  the  scale  above,  the  result 
of  the  experiment  is  observed. 

Fig,  6,  is  Henley  %  quadrant  electrometer,  gene-* 
rally  fitted  to  a  prime  conductor,  &c.  and  to  point 
out  the  relative  strengths  of  the  charges  of  either 
jars  or  batteries. 

Fig.  7^  a  brass  sliding  wire  and  balls;  an  useful 
article  to  apply  to  a  prime  conductor, .  for  convey- 
ing the  electric  fluid  to  jars,  &c.  when  they  may 
not  be  of  sufficient  height  or  dimensions  by  them- 
selves, to  be  contiguous  to  the  conductor. 

Fig.  8,  an  insulated  stool  with  glass  Ifegs,  for  a 
person  to  stand  on.     It  is  sometimes  made  large 
enough  to  support  a  chair. 
'  ^^S*  9j  Mr.  Townsend*s  electrometer,  hereafter 
to  be  described. 
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J^^,  10,  the  repelling  featheKs;  they  are  to  be 
supported  from  the  conductor  by  placing  into  it 
the  wire  B  A.         ' 

Fig*.  1 1,  two  small  pith  or  cork  balls,  to  be  sus* 
pended  like  the  above  feathers. 

Fig.  la,  a  wire  ring,  to  the  circumference  of 
which  some  small  pieces  of  thread  are  tied;  the 
projceting  piece  from  the  ring  fits  into  the  stand, 
belonging  to  the  plates  and  stan^:  z,  a  wire  with 
a  few  short  pieces  of  thread  fitting  into  the  con- 
ductor. 

Wig.  J 3,  represents  the  plates  and  stand  for 
dancing  images.  F  is  a  circular  plate  of  brass  or 
copper,  to  be  suspended  horizontally  from  the 
conductor  by  a  chain  or  wire;  G  is  a  siniilar,  but 
larger  plate,  and  is  to  be  placed  parallel  to  the 
former,  and  is  supported  by  a  brass  stand  I,  the 
upper  part  of  which  may  be  raised  or  lowered  at 
pleasure. 

Fig.  \Aj  the  attracted  and  repelled  pieces  of 
gold  leaf. 

Fig.  15,  represents  two  wires  placed  parallel  to 
each  other,  for  the  same  purpose  as^^.  13 ;  in  this 
way,  however,  it  is  rather  difficult  to  make  the  ex- 
periment succeed. 

Fig.  i6j  the  brass  hoop  for  revolving  glass  balls. 

Fig.  17,  a  set  of  musical  bells  and  clappers :  no 
experiment  illustrates  better  the  general  principles 
oi  electricity  than  this  small  apparatus.    V  Y,  a 
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« 

wire  to  which  the  bells  are  attached ;  R  S,  a  ben  I 
wire,  to  suspend  them  from  the  conductor;  the 
two  outer  bells  arc  connected  to  the  wire,  V  Y^ 
by  chains;  but  the  middle  bell^  and  small  clappers 
between  the  bells,  are  suspended  by  silk  threads* 
From  the  concave  part  of  the  middle  bell,  a  brass 
chain,  X,  proceeds,  designed  to  fall  upon  the  ta- 
ble; a  piece  of  silk  thread  should  be  tied  to  the 
extremity  of  this  chain. 

Fig.  18,  represents  a  more  elegant  form  of 
mounting  the  bells.  The  pillar,  A,  is  of  glass; 
the  cross  on  the  top  thereof  is  of  brass;  the  four 
outer  bells  are  affixed  to  this  by  wires  or  chains; 
the  clappers  are  suspended  on  silk  threads  from 
the  cross;  the  middle  bell  communicates  with  the 
ground  by  the  foot.  To  use  these,  the  knob,  a^ 
must  be  in  contact  with  the  conductor. 

Fig.  19,  a  set  of  eight  musical  bells,  or  the  ga- 
mut. In  these,  the  clapper  is  suspended  from  the 
fly,  bed;  the  axis  of  the  fly  rests  in  a  small  hole, 
on  the  top  of  the  glass  pillar  e  f,  in  which  it  turn? 
with  great  freedom:  bells  of  different  tones  are 
placed  round  the  board,  h  i  k. 

To  use  these  bells,  remove  the  prime  conductor^ 
and  place  the  bells  so  that  the  fly  may  be  near  the 
cylinder;  when  the  electric  fluid  has  put  the  fly 
into  motion,  it  will  cause  it  to  turn  round,  -the 
clapper  will  strike  each  bell  in  rotation,  and  thjis 
produce  a  pleasing  and  harmonious  effect. 
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,  Fig.  20,  a  small  byndle  of  threads  tied  together 
at  each  end. 

Fig.  21,  an  electrified  glass  tumbler,  represent- 
ing the  motions  of  pith  balls  by  attraction  and 
repulsion  k 

Fig.  22,  23,  24>  25,  26,  27,  small  cylinders  of 
wood  and  brass  tubes  on  insulating  glass  stands^ 
fttmished  with  pith  balls;  four  tubes^  two  of  wood 
and  two  of  brass^  and  stands^  are  generally  suffi-<> 
cient.  The  experiments  with  this  little  appata-^ 
tus  are  interesting  and  instructive* 

PLATE   III. 

Fig.  2d,  a  glass  rod  six  feet  long,  with  six  pair 
of  pith  balls  suspended  on  it. 

Fig.  29,  a  large  metallic  conductor^  A;  with 
the  brass  sliding  ball  C,  &c.  for  taking  the  most 
powerful  sparks  from  the  conductor* 

Fig.  30,  represents  the  electric  spark  fiora  the 
conductor^  as  issuing  in  a  divided  state  into  parts*  ' 

Ftg.  3 1 ,  the  spiral  tube>  composed  of  two  glass 
tubes,  one  within  the  other,  and  closed  with  two 
knobbed  caps  of  brass*  The  innermost  tube  has 
a  spiral  row  of  small  pieces  of  tin -foil  fixed  upon 
its  ootside  surface,  and  laying  at  a  small  distance 
fiom  each  otiien  It. is  to  be  held  by  ofle  end; 
ibic.  other  end  is  to  be  presented  so  as  to  take 
from)  the  prime  conductor,  which  will  be 
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seen  in  a  pleasing  manner  at  all  the  interstices 
between  the  spots  of  tin-foil. 

Small  round  pieces  of  titi-foil  are  sometimes 
fixed  on  flat  pieces  of  glass  disposed  into  various  fi- 
gures, one  side  of  the  glass  is  painted  with  different 
transparent  colours;  the  spark  seen  through  these 
appears  of  the  colour  through  which  it  is  seen. 

Fig.  32,  a  luminous  word  acting  upon  the  same 
principles;  the  word  is  formed  by  small  separa- 
tions made  in  the  tin-foil;  a  chain  is  to  be  sus* 
pended  from  the  hook,  h ;  the  ball,  G,  is  to  be 
presented  to  the  conductor,  so  as  to  take  sparks 
therefrom. 

.  Fig.  33,  a  conductor,  with  ladle,  I;  shewing 
the  manner  in  which  spirits  of  wine  or  inflamma- 
ble oils  may  be  fired  by  the  electric  spark. 

Fig.  34,  the  electrical  flyer;  it  consists  oi  two 
sharp-pointed  wires,  joined  iat  the  center;  the 
ends  of  the  same  wires  ai^e  becit  coDtrary  ways; 
the  center  at  K  is  a  small  concavity,  that  the  flyer 
may  be  placed  oxi  the  poinjbed  end  of  the  wir^  Xi| 
the  wire,  L,  is  to-be  pUoed  in  one  of  the  holes  on 
the  top  of  the  cooductor;  when  electriOed,  the 
flyer  will  turu  with  as  much  velocity  as  the  flyer 
of  a  commoti  jack.    . 

•  Fig.  35>  represents  a  similar  flyer,  acting  in  a 
diSereiit 'posidon,  the  axis  being  atitxight  aoglcs 
to  the  flyer,  with  two  sn^allt  puUies^  one  at  eac|i 
ond  ol'  the  axis;  the  wiresj.MN^' OP,  slK>uld 
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t3e  insulated^  and  the  inclinadoii  to  the  horizon 
very  small. 

'  Fig.  36^  a  flyer  acting  as  a  crane  to  raise  a 
small  weight; 

Fig.  37,  a  set  of  flyersi 

Fig.  38,  the  glass  bottle  and  bent  neck,  s^  for 
ixiaking  inflammable  air. 

Fig.  39,  the  electrioal  pistol  for  firing  infiam- 
tnable  air.  This  pistol  is  to  be  filled  with  inflam- 
tnable  air^  as  described  in  these  Essays;  a  cork  is 
to  be  put  in  the  end  ac>  to  prevent  the  escape 
of  the  air. 

Fig.  40,  represents  the  part  within  the  pistol, 
by  which  the  spark  passes  through  ^nd  fires  the 
inflammable  air. 

Fig.  41,  a  small  cap  to  be- taken  off. when  the 
pistol  is  in  use;  nnder  this  cap.is  the  brass  bail,  n, 
jij^.  40)  which  is  to  mceiVe  the  spark  from  the 
prime  conductor. 

Fig.  42)  43, 44, 48, 50, 51, 52, 54, 55, 66, 57  j  re- 
present 8ofne  of  the  various  experihrents  which  may 
be  performed  by  the  boinpomfid  apparatus,  ji?^.  4^ 

Fig.  45,  rapresents  a-jar  whh  :movca!bIe  coat- 
ings*: the  innermdst  coaiihgs.  are  to  be  taken  out 
by  the  silken  stridgS)  f,  and  the  jar  then  lifted  out 
from  the  external  doating.  •;    . 

Fig.  46,  represents  what  is  called  the  spotted 
Off  diamond  jar;    the  outside  being  coated  with 
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little  pieces  of  tin-foil^  which  are  placed  at  a  small 
distance  from  each  other. 

Fig.  47,  represents  the  double  jar,  one  being 
placed  on  the  top  of  the  other;  with  this  many 
curious  experiments  may  be  performed. 

Fig.  49,  the  articles  within  the  line  of  this  fi- 
gure constitute  wh^t  is  called  the  compound  appa^ 
rains \  it  is  certainly  a  most  interesting  part  of  the 
electrical  apparatus,  as  well  from  the  variet}%  as 
importance  of  the  experiments  performed  with  it. 
As  it  is  particularly  described  in  the  course  of  this 
Essay,  I  shall  say  but  little  of  it  here :  it  consists 
of  two  small  Leyden  phials,  H,  I,  one  of  them,  H, 
furnished  with  a  brass  belt;  an  exhausted  flask,  £, 
which  is  called  the  Leyden  vacuum;  an  exhausted 
tube,  C  D,  termed  the  luminous  conductor;  a  glass 
insulating  pillar,  A^  on  a  foot,  B;  M,  a  board,  to 
put  occasionally  on  the  top  of  the  pillar;  K,  L, 
two  wires  to  screw  to  different  parts  of  the  appa- 
ratus. 

Fig.  53,  the  belted  jar,  designed  to  prove  the 
direction  of  the  electrical ,  fluid  in  the  charging 
tnA  discharging  of  the  Leyden  phial. 

Fig.  58,  the  ntasical.  bells;  an  interesting  af^- 
ratus,  which  affi>rds  much  amusen>ent,  while  it 
illustrates  clearly  the  nature  of  the  Leyden  p]MaU . 
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PLATE    IV. 

^^-  59,  60,  61,  62,  represent  more  various  ex- 
periments which  may  be  performed  by  the  com- 
bined apparatus  oijig.  49,  plate  3. 

Fig.  63,  64,  experiments  with  the  universal 
discharger. 

Fig.  Qdy  represents  a  battery  ponsisting  of  nine 
jars. 

fig.  66 f  an  apparatus^  by  W.  Jones ^  for  render- 
ing eggs  luminous. 

^^S*  67,  68,  69,  Tly  72,  experiments  tend- 
ing to  shew  the  influence  of  knobs  and  points  in 
producing  an  electrical  explosion. 

^^*  70,  Mr.  Nicholsons  improvement  on  Ben>^ 
nefs  electrometer,  to  distinguish  the  different 
intensities  as  shewn  by  the  divergencies  of  the 
gold  Icaf^  or  jthe  distances  at  which  they  strike  a 
pair  of  uninsulated  metallic  bars. 

^^g*  73>  an  electrical  inflammable-air  cannon. 

Fig.  74,  75,  an  electrophorus. 

Fig.  76,  Mr.  Cavallo's  atmospherical  electro- 
meter. 

^^g'  n y  ^  small  pail  qnd  pipe,  for  shewing  the 
subdivisions  of  fluids  by  electricity. 

Fig.  78,  a  conductor  and  electrometer  con^ 
nected  with  the  cord  of  an  electrical  kite. 

Fig.  79,  King%  electrical  orrery,  shewing  the 
motions  of  the  sun,  earth,  and  moon. 
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PLATE   V. 

Ftg.  80,  8 1 ,  apparatus  for  atmospherical  clco^ 
tricky,  contrived  by  Mr.  Cavallo. 

Fig.  82,  an  exhausted  glass  receiver  on  (he  air- 
pump  plate,  with  the  appearance  of  electricity  as 
conveyed  by  the  ball  and  wire. 

Fig.  83,  a  tube,  partly  filled  with  air,  quick- 
silver and  ether,  for  producing  a  beautiful  green 
spark. 

Fig.  84,  two  glass  tubes,  L,  M,  with  wires 
passing  through  them,  for  communicating  elec- 
tricity to  the  ear. 

Fig.  85,  a  Leyden  phial,  with  a  medical  elec- 
trometer fixed  to  the  top  of  it,  and  two  directors, 
one  connected  with  the  top  and  the  other  with 
the  bottom  of  the  jar;  the  figure  represents  the 
manner  of  passing  a  shock  through  ,the  arm. 

Fig.  86,  a  Leyden  phial,  electrometer,  and  elec- 
trical discharging  forceps. 

Fig.  87,  Mr.  Morgans' s  plan  of  constructing 
Brooke"^  electrometer. 

Fig,  88,  a  tube  for  throwing  fluids  on  any  part 
of  the  body.  . 

^^S'  ®9^  ^^  ^  perspective  view  of  the  powder- 
house,  the  side  and  the  roof  next  the  eye  being 
omitted,  that  the  inside  may  be  more  conveniently 
seen.  The  front  is  fitted  up  like  the  thunder-house, 
F  G,  plate  4,^g.  68,  and  is  used  in  the  same  man- 
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ner;  the  sides  of  the  house^  the  back,  and  fore 
fronts  are  joined  to  the  bottom  by  hinges;  the 
roof  15  divided  into  two  parts,  which  are  also  fas- 
tened by  hinges  to  the  sides;  the  building  is  kept 
together  by  a  ridge  on  the  roof;  when  the  roof  is 
blown  up,  it  will  fall  dovrn  with  the  sides,   the 
back,  and  fore  front.     To  use  this  model,  fill  the 
small  tube^  a,  with  gun-powder,  and  ram  the  wire, 
c,  a  small  way  in  the  tube;  then  connect  the  hook, 
0y  with  the  bottom  of  a  large  jar  or  battery;  when 
the  jar  is  charged,  form  a  communication  from 
the  hook,  J,  to  the  top  of  the  jar;  the  discharge 
will  fire  the  powder,   and  the  explosion  of  the 
grun-powder  will  throw  off  the  roof,  and  the  sides^ 
the  fore  and  back  fronts,  will  then  all  fall  down. 

lig.  go,  represents  a  wooden  pyramid,  designwl 
to  shew  the  experiments  which  are  made  with  the 
tbunder-house,  and  is  used  in  the  same  manner. 
When  the  piece,  a,  is  thrown  out  by  the  discharge, 
the  upper  part  of  the  pyramid  falls  down. 

Fig.  Qi,  represents  the  imflammable  air  lamp, 
invented  by  Mr.  Foha.  A  is  a  glass  globe  to 
contain  the  inflammable  air;  B,  a  glass  bason  or  re- 
servoir to  hold  water;  D  is  a  stop-cock,  which  is 
to  form  occasionally  a  communication  between  the 
reservoir  of  water,  B,  and  that  of  air,  A;  the  water 
passes  into  the  latter  through  the  metal  pipe,  ^^, 
which  is  fixed  to  the  upper  part  of  the  reservoir,  A ; 
at  J  is  a  small  cock,  to  cut  off  or  open  a  commu- 
nication with  the  air  in  the  ball  and  the  jet,  K. 
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N  is  a  small  pipe  to  hold  a  piece  of  wax  taper  \ 
L,  a  brass  pillar,  on  the  top  of  which  is  a  brass 
ball ;  /7  is  a  pillar  of  glass,  furnished  at  top  with  a 
socket;  a  wire,  hy  slides  in  this  socket,  a  ball  is 
screwed  on  the  end  of  the  wire.  F  is  a  cock,  by 
which  the  ball,  A,  is  filled  with  inflammable  air, 
and  which  afterwards  serves  to  confine  the  air 
and  the  water  that  falls  from  the  bason,  B^  intd 
the  ball,  A. 

To  use  this  instrument,  after  having  filled  the 
reservoir.  A,  with  pure  inflammable  air,  and  the 
bason  with  water,  turn  th^  cocks,  D  and  s,  and 
.  the  water  which  falls  from  the  bason,  B,  will  force 
put  some  of  the  inflammable  air,  and  cause  it  to 
pass  through  the  jet,  K,  into  the  air.  If  an  elec- 
tric spark  is  made  to  pass  from  the  brass  ball,  m, 
to  the  brass  ball,  n,  the  inflammable  jet,  which 
passes  through  the  pipe,  K,  will  be  fired.  To 
extinguish  the  lamp,  shut  first  the  cock,  s,  and 
then  the  cock,  D. 

Tq  fill  the  reservoir,  A,  with  inflammable  air, 
which  i^  to  be  made  in  the  usual  manner,  and 
with  the  usual  apparatus ;  having  previously  filled 
A  with  water,  place  the  foot,  R,  under  water,  on 
a  board  or  stool  in  a  large  tub  of  water,  that  the 
bent  glass  tube,  through  which  the  inflammable 
?iir  passes,  may  pass  commodiously  under  the  foot 
of  the  lamp:  when  the  air  has  nearly  driven  out 
all  the  water,^  turn  the  cock  F,  and  the  apparatus 
is  ready  fpr  use.     This  instrument  is  convenient 
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to  preserve  a  quantity  of  inflammable' air  ready  for 
.any  occasional  experiment,  as  charging  the  in- 
flamable-air  pistol^  2(c.  It  is  also  convenient  to 
light  a  candle  for  economical  purposes^  as  the 
smallest  spark  from  an  electrophorus^  or  a  small 
bottle,  is  sufficient  to  fire  the  air.*    - 

A  small  ba^ttery  of  inflammable-air  pistols  is  oc- 
jcasionally  made,  that  affords  considerable  amuse>r 
ment;  as  either  one  pistol,  or  the  whole  together, 
may  be  fired  at  the  pleasure  of  the  operator. 

Fig.  Q%  represents  a  small  glass  tube,  stopped 
at  one  end  with  a  piece  of  cork:  ^^  is  a  wire  which 
passes  through  a  piece  of  cork,  fitted  into  the 
other  end  of  the  tube;  the  upper  part  of  the  wirp 
is  furnished  with  a  brass  ball :  the  end  of  the  wire 
within  the  tube  is  beqt  at  right  aqgles  to  the  rest 
of  the  wire. 

^^S'  93>  ^  P^^^  ^^  directors  and  wooden  point. 

^^g*  94,  a  glass  tube  and  wire,  for  making  expe- 
riments on  the  conducting  power  of  water,  &c. 

Fig.  95,  96,  97,  Mr.  Brooke's  electrometers. 

^^g*  Q^9  A  set  of  spiral  tubes,  being  a  more 
brilliant  display  tbaq  shewn  hy  Jig.  31,  plate  3. 

Fig.  99,  a  strip  of  silk,  jar,  rul)bers,  &c.  to  pro- 
duce an  electric  charge  by  friction  on  a  ribbon 
only. 

*  See  a  material  improvement  in  the  construction  of  this 
etuious  instrument,  and  a  figure,  in  my  edition  of  the  Author's 
Jxctores  on  Philosophy,  five  vols.  8vo.  43  plates,  17^-  Ejdit. 
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Ftg.  100,  an  hollow  glass  director,  g^  partly 
coated  to  bold  a  charge,  and  a  solid  one,  h,  con- 
nected with  it,  by  which  small  shocks  may  in 
some  instances  be  conveniently  given. 

Fig.  101,  102,  electrical  appearances  from  Mr, 
JSennet^s  treatise. 

Fig.  103,  represents  a  piece  of  twisted  fine  iron 
wire,  fixed  in  a  glass  jar  containing  pure  oxygene 
or  vital  air.  An  electrical  discharge  from  a  jar 
conveyed  to  the  ball  will,  at  its  discharge  within 
from  the  extremity  of  the  wire  to  the  small  brass 
ball,  set  the  wire  into  a  most  beautiful  deflagration, 
making  in  a  darkened  room  a  very  brilliant  ap- 
pearance, till  the  whole  of  the  wire  is  fused. 

Fig.  104,  105,  exhibit  the  method  of  preparing 
a  dead  frog,  to  shew  how  muscular  motion  may 
be  produced  therein,  by  merely  touching  it  with 
a  conducting  rod  applied  to  the  muscles  and  to 
the  armour  of  the  nerves,  as  related  by  Mr.  d- 
vallo. 
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EXTERTAINING  EXPERIMENTS  BY  THE  AT- 
TRACTION AND  REPULSION  OP  LIGHT  BO^ 
DIBS^  WITH  SOME  REMARKS  ON  ELECTRI- 
CAL ATTRACTION. 

Few  philosophical  sciences  afford  so  much  enter- 
tainment as  electricity;  in  it  the  useful  and  agree- 
able are  intimately  blended;  and  the  philosopher, 
while  he  is  investigating  the  abstruse  parts,  is 
entertained  by  the  variety  and  beauty  of  the  ex- 
periments^ which  confirm  or  disprove  the  hypo- 
thesis he  wishes  to  establish. 

Experiment  xxxiv.  Expanded  feather.  Fix 
the  end.  A,  of  the  wire,  -AB,  plate  2,  fig.  10,  in 
the  small  hole  which  is  at  the  end  of  the  prime 
conductor;  turn,  the  cylinder,  and  the  feathers, 
which  are  connected  with  the  wire  by  linen 
threads,  will  separate  from  each  other;  the  fi- 
brous and  downy  parts  will  become  turgid,  and 
expand  in  a  pleasing  manner,  in  a  variety  of  di- 
rections. 

Present  a  metallic  point,  the  finger,  or  any 
other  conducting  substance  to  the  feathers,  the 
downy  parts  thereof  will  immediately  collapsd,  the 
divergence  of  the  feathers  will  cease,  and  they 
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will  approach  each  other  and  cling  round  the 
non-electric  body. 

The  feathers  separate  from  each  other,  and 
tend  towards  unelectrified  bodies,  from  the  effort 
made  by  the  electricity  which  is  communicated  to 
them  to  diffuse  itself,  and  the  resistance  it  meets 
with  from  the  air. . 

A  mutual  attraction  is  exerted  between  a  body 
that-  is  electrified,  and  one  which  is  in  its  natural 
or  unel^ctriHed  state;  which  last,  if  not  large  and 
heavy,  will  fly  through  the  air  to  the  electrified 
body,  where  they  remain  till  they  have,  by  the 
communication,  acquired  the  same  state,  when 
they  arc  repelled.  If  a  conductor  which  is  not 
insulated  be  at  hand,  it  will  attract  the  small  body 
thus  electrified,  and  deprive  it  of  its  electric  state; 
so  that  it  will  be  again  attracted  by  the  electrified 
body,  and  repelled  as  before;  and  will  continue 
to  pass  and  repass  between  the  two,  till  the  elec- 
tric state  is  entirely  destroyed. 

Experiment  xxxv.  Cork  ball  electrometer. 
Fix  the  end  C  of  the  wire  CD,  j>late  2,  j%.  11, 
into  the  hole  at  the  end  of  the  conductor,  put  the 
machine  in  action,  and  the  two  small  balls,  c,  d, 
will  recede  from  each  other.  Bring  a  conducting 
substance  within  the  sphere  of  their  action,  and 
they  will  fly  towards  it ;  tduch  the  conductor  with 
a  non-eleqtric,  ^j^  they  will  immediately  ccm>e 
together, 
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The  balls  do  not  always  diverge  so  much  as 
might  be  expected  from  the  action  of  their  at^ios*' 
pheres,  because  they  are  influenced  by  that  of  thd 
conductor. 

The  balls  or  feathers  will  separate,  &c.  in  the 
same  manner^  if  they  are  annexed  to  a  negative 
conductor. 

Experiment  XXXVI.  Animated  thread.  Pre- 
sent a  fipe  thread  towards  an  electrified  conductor; 
when  it  is  at  a  proper  distance,  it  will  fly  towards 
and  stick  to  the  conductor^  and  convey  the  elec* 
trie  fluid  from  it  to  the  hand:  remove  the  .thread 
to  a  small  distance  from  the  conductor,  and  it  will 
fly  baqkwards  and  forwards  with  gre^t  velocity, 
and  in  a  very  pleasing  manner:  present  the  same 
thread  towards  one  that  hangs  from  the  conduc- 
tor,  they  will  attract  and  join  each  other.  Bring 
a  non-electric  body,  aa  a  brass  ball,  near  these 
threads,  the  ball  will  repel  that  held  by  the  hand, 
and  attract  that  which  is  affixed  to  the  conductor: 
the  upper  thread  renders  the  brass  ball  negative^ 
.and  therefore  goes  towards  it;  while  the  under 
thread,  which  is  also  negative,  is  repelled.  Let 
the  ball  be  brought  near  to  the  lower  part  of  the 
under  one,  and  it  will  be  attracted  by  it.  The 
junction  of  the  threads  arises  from  the  effort  the 

« 

electric  fluid  makes  to  difllise  itsdf  through  them. 

Experiment  xxxvn.  Radia^ng  threads.  To 
the  edge  of  the  brass  bpop,  bed,  plate  2,  Jig*  12, 
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are  fastened,  dt  equal  distances  from  each  otber^ 
six  or  seven  pieces  of  thread  about  four  inches 
long.  A  wire  proceeds  from  the  boop^  which  fits 
into  a  cavity  in  the  pillar  D :  z  e  is  a  brass  wire, 
to  one  end  of  Which  are  fastened  several  small 
pieces  of  thread.  Fit  the  plain  end  of  the  wire 
into  the  hole  at  the  end  ,of  the  conductot-;  place 
the  hoop,  bed,  at  right  angles  to  the  wire,  z e^ 
and  directly  over  the  threads  at  the  end  z ;  turn 
the  cylinder,  and  the  threads  tied  to  the  hoop  will 
be  attracted  by  those  which  are  fastened  to  the 
wire,  z  e,  and  will  point  towards  each  other  as  so 
many  radii  of  a  circle.  The  electric  fluid  passes 
from  the  threads  of  the  wire  into  those  of  the 
hoop,  and  thus  occasions  the  seeming  attraction 
between  them* 

Place  the  hoop,  bed,  on  an  insulating  standi 
and  when  it  is  saturated  with  the  electric  cftatter^ 
the  threads  which  are  tied  to  it  will  be  repelled  by 
those  of  the  wire :  touch  the  hoop,  and  they  will 
be  again  attracted.  If  the  hand  is  brought  near 
the  threads,  they  will  qtiit  their  central  direction, 
and  movfc  towards  it.  The  ends  of  the  threads 
appear  luminous  in  the  dark. 

Ex  p  fiR  1 M  E  iV  T  X  X  X  V 1 1 1 .  DatictHg  images.  Sus* 
jpend  the' small  metal  plate  F,  plate  ijfg.  13,  to 
the  condiKitor  by  the  hook,  H;  place  the  stand,  I> 
directly  under  it,  and  the  large  plate,  G,  on  the 
tep  of  the  stand :  the  ivpftr  part  of  the^tand^  I,  is 


BT  ATTRACTION  AND  RBPVLSIOl^.         ItQ 

moveable,  so  that !  the  -distance  of  the  two  plates 
from  each  other 'may  be  occastonailj  varied.  Lay 
small  paper  images,  dr  any  other  light  substances, 
on  the  under  plate,  then  put  the  machine  in  ac- 
tion, and  the  light  bodies  will  be  attracted  and 
repelled  by  each  plate,  and  move  from  one  plate 
to  the  other  with  cionsideriifale  >velocity.  . 

The  light  bodies  placed  on  the  unfler  plate  be^ 
come  possessed  of  ati  electricity  which^ is  contrary 
to  thst  of  the  upper  jJate,  and  are  therefore  at- 
tracted by  it,  and  acquire  the  same  electricity 
with  it;  they  are  thon  repeRfdvand  part  with  this 
ekcttioity  to^  the  stand,  and:  are  again  in  a  proper 
state  to  be  attracted  by  the  up^per  plate.  That 
these  bodies  cannot  be  attracted  by.  the  upp^ 
plate,  till  they  have  acquired  a  power  contrary  to 
It,  or  till  the  equilibrium  of  the  .fluid  id  them  is 
disturbed,  will  be  evident  from  the  following  ex« 
periment. 

BxPERi'M^NT  xxKix.  'Remove  the  under 
fhUBm-MA  stand,  hold  ih  ks  stiead,^  by  one  corner, 
9l  pane  of  glassy  wbicii  has  pi^vtoosly  been  ipade 
retydl&t^  md  dry;  n6^,  as  gjnss  does  not  trans- 
mit the  two  electricities,  no  contrariety  in  the 
electric  states  of  the  conductor  and  the  light  'sub- 
stances can  be  occasioned,  and  therefore  no 'at- 
traction or  repulsion  is  observed. 

If  a  finger  is  presented  to  the  under  side  of  the 
glass  plat^  the  light  bodies  will  be  attracted  and 
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repelled:  th6  cause  of  tlus  will  be  seen,  wheb  (he 
nature  of  the  Leyden  phial  is  explained. 

Mr.  Eelesy*  speaking  of  this  alternate  attractioii 
and  repulsion  y  says>  they  may  be  agreeably  varied^ 
by  wetting  first  the  heads  of  the  paper  images^ 
and^  when  these  are  dry,  wetting  the  feet. 

'^  When  you  dry  the  head  of  one  of  those 
images,  the  power  thrown  out  from  the  conductor 
cannot  enter  the  image  with  the  same  facility  with  ' 
which  the  contrary  power  from  the  tabic  enters  at 
the  feet,  which  arc  not  so  dry ;  this  will  therefore 
ascend  to  the  upper  plate  and  remain  there. .  Re- 
verse the  experiment;  dry  the  feet  and  wet  the 
head,  and  the  images  will  fix  themselves  to  the 
lower  plate.  If  the  image  retains  so  much  more 
of  the  attracted  power  as  will  balance  against  ita 
weight,  than  there  is  of  the  contrary  power  which 
proc^ds  from  the  conductor,  the  ibiage^ill  be 
suspended  between  the  two  plates. 

^'  This  may  be  effected,  by  making  the  head  of 
the  image  broad  and  round,  which  does  not  admit 
the  power  coming-out  so  readily,  as  the  feet,  being 
sharp,  admit  the  power .  going  in ;  a  inmute^  alte-* 
ration  will  make  the  images  •  dance,  or  remain 
fixed  to  one  of  the  plates."  j 

Experiment  xl.      Place  a  square   piece  of 
leaf  brass  or  silver  on  the. under  plate,  hold  thi^ 

•*  Philosophical  Etsaye.'  Preface,  pu  25.- 
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parallel  to  the  upper  one,  at  about  five  or  six 
inches  from  it;  turn  the  machine,  and  the  leaf 
will  then  rise  up  into  a  vertical  situation,  and 
remain  between  the  two  plates,  without  touching 
either  of  them.  Present  a  metal  point  towards 
the  leaf,  and  it  will  immediately  fall  down. 

Experiment  xLi.  Moving  leaf.  Place  a  brass 
ball  at  K,  fig.  14,  at  the  end  of  the  conductor, 
and  when  the  leaf  of  brass  is  suspended  between 
the  plate  and  ball,  move  the  plate  round  the  ball, 
and  the  leaf  will  also  move  round,  without  touch* 
ing  either  ball  or  plate. 

A  glass  cylinder  is  occasionally  placed  between 
the  two  metal  plates,  F,  G,  ji?f.  13,  to  prevent 
bran,  sand,  or  other  light  substances,  being  thrown 
off. 

Experiment  xlii.  Place  two  wires  directly 
under  and  parallel  to  each  other,  suspend  one 
from  the  conductor,,  let  the  other  communicate 
with  the  table :  a  light  image  placed  between  these 
will,  when  the  conductor  is  electrified,  appear  like 
a  kind  of  electrical  rope-dancer.     See^^.  15. 

Experiment  xliii.  Electric  fish.  Cut  a 
piece  of  leaf  brass,  with  an  obtuse  angle  at  one 
end  and  a  very  acute  one  at  the  other;  present 
the  large  end  towards  an  electrified  conductor, 
and,  when  the  leaf  brass  is  within  its  atmosphere, 
let  it  go;  it  will  then  fix  itself  to  the  conductor 
by  the  apdx  of  its  tjbtuse  angle^  and,  from  its  con- 
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tinual  wavering  motion,  will  appear  to  be  ani- 
mated. 

The  next  experiment  requires  considerable  at- 
tention to  make  it  succeed;  as  a  small  diiference 
in  the  apparatus,  or  in  the  force  of  the  machine, 
&c.  will  make  it  fail:  when  it  answers,  it  gene- 
rally affords  pleasure  to,  and  excites  admiration 
in  the  spectators. 

Experiment  xliv.  Fix  the  ring,  NOP, 
^g.  16,  to  the  end  of  the  conductor;  place  the 
plate  G,  ^g.  13,  on  its  stand,  I,  under  it,  and  at 
a  little  distance  from  it,  put  a  very  light  hollow 
glass  ball  upon  the  plate,  but  within  the  ring: 
turn  the  cylinder,  and  the  little  ball  will  describe 
an  orbit  about  the  ring,  and  turn  at  the  same  time 
about  its  own  axis.  The  poles  of  its  rotation  are 
nearly  at  right  angles  to  the  plane  of  its  orbit. 

Experiment  XLT.  Electrical  bells.  Fig.  17, 
represents  a  small  set  of  bells,  the  two  exterior 
ones  are  connected  to  the  wire,  V  Y,  by  a  brass 
chain,  the  middle  bell  and  the  clappers  are  sus-^ 
pended  on  silk. 

Hang  the  bells  on  the  conductor  by  the  hook 
R  S,  let  the  chain  from  the  middle  bell  touch  the 
tabic,  turn  the  cylinder,  and  the  clappers  will  fly 
continually  from  bell  to  bell,  as  long  as  the  elec- 
tricity continues. 

The  brass  chain,  which  connects  the  two  exte- 
rior bells  to  the  conductor,  conveys  the  electric 
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fluid  to  them^  which  attracts  the  clappers;  these^ 
when  they  have  received  the  electric  fluid,  arc 
repelled  by  the  exterior  bell^  and  attracted  by  the 
middle  one,  on  which  they  deposit  their  electri- 
city :  they  are  then  again  attracted  and  repelled 
by  the  outer  bells.  Hold  up  by  a  silk  thread  the 
chain^  Xj  which  proceeds  from  the  middle  bell, 
and  the  ringing  will  cease,  because  -it  cannot 
convey  the  electric  fluid  communicated  by  the 
clappers  to  the  ground* 

Fig.  18  represents  a  more  elegant  form  of 
mounting  the  bells.  When  this  is  used,  the 
knob,  a,  should  communicate  with  the  conductor. 

Fig.  IQ  represents  another  kind.  In  this,  the 
clapper  is  suspended  from  the  fly,  bed;  the  axis 
of  the  fly  rests  in  a  small  hole  on  the  top  of  the 
glass  pillar,  e  f ;  the  upper  part  of  the  axis  moves 
freely  in,  and  is  supported  by,  a  hole  in  the  brass 
piece,  g.  Bells  of  the  gamut  tones  are  placed  round 
the  board,  hi.K.  Remove  the  prime  conductor, 
and  place  this  apparatus  in  its  stead  near  the  cy« 
linder:  when  this  is  in  action,  it  will  cause  the  fly 
to  turn  round,  the  clapper  will  strike  each  bell  in 
rotation,  and  thus  produce  a  pleasing  and  harmo- 
nious sound. 

^Experiment  xlvi.  Take  ten  or  twelve 
pieces  of  thread,  each  about  ten  inches  long,  tie 
them  together  at  the  top  and  the  bottom,  as  in 
jff.  20,  then  suspend  them  from  the  conductor; 
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the  threads,  when  electrified,  endeavour  to  recede 
from  each  other,  and  the  knot  at  the  bottom  rising 
upwards  as  the  repulsion  of  the  thread  increases, 
will  form  them  into  a  spheroidal  figure. 

Experiment  xlvii.  Flying  feather.  Bring  a 
downy  feather,  or  lock  of  cotton5  near  the  end  of 
,an  excited  tube,  or  the  knob  of  a  charged  Leyden 
^hial:  the  feather  will  at  first  fly  towards  the  tube, 
but  when  it  is  saturated  with  the  electric  matter, 
it  will  recede  from  it,  and  may  be  driven  about 
the  room  by  the  excited  tube,  till  it  touches  some 
non-conductor,  to  which  it  can  impart  its  electri- 
city. The  same  side  of  the  feather  is  always 
turned  towards  the  tube;  because  the  electricity 
acquired  by  the  feather  is  forced,  by  the  action  of 
the  tube,  to  that  side  which  is  fartl>est  from  it, 
which  is  therefore  repelled. 

It  is  easy  to  perceive,  from  this  and  the  fore- 
going experiments,  that  it  is  not  the  mere  matter 
which  is  attracted,  but  that  the  different  pheno- 
mena are  occasioned  by  the  state  of  the  electric 
fluid,  in  those  substances  which  are  influenced  by 
the  machine. 

Experiment  xlviii.  Dancing  balls.  Put  a 
pointed  brass  wire  into  one  of  the  holes  which  ai-e  at 
the  end  of  the  conductor,  hold  a  glass  tumbler  over 
the  point,  then  electrify  the  conductor,  and  turn 
the  tumbler  round,  ttfat  the  whole  interior  surface 
may  receive  the  fluid  from  the  point;  place  a  few 
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imall  pith  of  elder,  or  cork  balls  on  the  table,  and 
cover  them  with  this  glass  tumbler;  the  balls  will 
immediately  begin  to  leap  up  and  down  as  if  they 
'wdre  animated^  and  will  continue  to  move  for  a 
long  time.     Seejff.  21. 

This  experiment  may  be  agreeably  varied  with 
two  tumblers.  Electrify  the  inside  of  one*  posi- 
tively, of  the  other  negatively;  put  the  balls  in 
one  tumbler,  and  then  bring  the  mouths  of  both 
in  contact,  the  balls  will  pass  from  one  to  the 
other,  till  the  contrariety  between  them  is  de 
$troyed. 
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CHAR    VII. 


THE  PROPERTIES  OP  ELECTRIC  ATTRACTION 
AND  REPULSION,  ILLUSTRATED  BY  EXPERl^ 
MENTS   ON  LIGHT  BODIES. 

Natural  philosophers  were  originally  incited  to 
consider  the  nature  of  electricity  from  its  strong 
attractive  and  repulsive  powers.  The  phenomena 
exhibited  by  those  mysterious  properties  are  so 
various  and  so  pleasing,  that  they  were  led,  as  by 
enchantment,  to  pursue  the  subject;  and  have 
been  richly  rewarded  by  the  discoveries,  which 
are  both  interesting  and  important. 

The  powers  of  genius  have  been  exerted  with 
industrious  ardour  to  investigate  the  causes  of 
those  properties;  but  they  are  still  involved  in 
deep  obscurity,  and  we  are  still  totally  ignorant 
of  that  mechanism  by  which  light  bodies,  when 
electrified,  approach  to  or  recede  from  e^ch  other. 

To  enter  into  a  discussion  of  the  difficulties,* 
which  perplex  this  subject,  would  lead  me  too  far 

*  *'  Qui  pourroit  concevoir  quun  corps  agit  ou  il  ncest  fas; 
pans  auciin  intermede?  Deux  particules  de  matiere  sont  a  cent 
milles  licures,  ou  a  cent  mlHiemes  parties  d*un  ligne  dc  distance 
Vun  de  Tautre,  sans  aucunc  communication  materielle  cntrelles, 
et  a  I'occasion  de  Tunc  Fautre  sc  mouvroit !  1"  De  Luc,  Lettxcs 
Physiques,  &c. 
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from  the  design  of  this  Essay;  I  shall,  therefore, 
proceed  to  state  those  general  properties  or  modes 
of  action,  which  are  observed  in  electric  attraction 
and  repulsion,  and  then  describe  the  experiments 
from  which  those  properties  have  been  deduced,  or 
by  which  they  are  illustrated. 


GENERAL     PROPERTIES     OP     ELECTRICAL     AT- 
TRACTION  AND  REPULSION. 

1.  The  electric  fluid,  when  in  action,  disposes 
or  places  light  bodies  in  such  manner,  as  will  best 
facilitate  its  transmission  through  them,  with  the 
greatest  velocity;  and  this  in  proportion  to  the 
gravity  of  the  body,  its  conducting  power,  and 
the  state  of  the  air. 

2.  Bodies  that  are  electrified  positively  repel 
each  other. 

3.  Bodies  that  arc  electrified  negatively  repel 
each  other. 

4*  Bodies  electrified  by  contrary  powers  attract 
each  other  strongly. 

5.  Bodies  that  are  electrified  attract  those  sub- 
stances which  are  not  electrified. 

i 

6.  Those  substances  that  arc  brought  within 
the  influence  of  electrified  bodies,  become  pos- 
sessed of  a  contrary  electricity;  or,  electrified 
substances,  without  parting  with  their  own  elec- 
tricity, act  upon  other  bodies  in  their  neighbour- 
hood, producing  in  them  an  electricity  which  is 
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contrary  to  their  own;  or  bodies  which  arc  im- 
merged  in  an  electric  atmosphere^  always  become 
possessed  of  an  electricity  contrary  to  that  of  the 
body  in  whose  atmosphere  they  are  immerged. 

The  experiments  described  in  this  chapter  are 
simple,  easily  performed,  and  certain  in  their  re- 
sults; and,  though  they  may  at  first  sight  appear 
to  be  trifling,  yet,  ^on  an  attentive  examination, 
they  will  be  found  of  considerable  importance,  as 
they  afford  a  clue  to  investigate  and  explain  a  va- 
riety of  electric  phenomena,  and  exhibit,  in  a 
strong  point  x>f  view,  some  of  the  contrary  effects 
of  negative  and  positive  electricity. 

These  experiments  may  all  be  made  with  a  small 
and  portable  apparatus;  consisting  generally  of 
two  small  brass  tubes  or  cylinders,  as  A  and  B 
plate  1 ,  fg.  Q/1 ;  each  of  these  is  supported  on  a 
glass  pillar  G,  which  screws  into  a  wooden  foot  H; 
a  pair  of  small  pith  balls  suspended  on  linen 
threads,  as  I,  K,  fit  upon  each  tube  by.  means  of  a 
small  brass  ring;  these  tubes,  with  a  piece  of  seal- 
ing-wax or  a  glass  tube,  are  sufficient  to' illustrate 
the  greater  part  of  the  experiments  in  this  chapter, 
as  well  as  some  of  the  principal  phenomena  in 
electricity. 

The  apparatus  will  be  rendered  more  complete, 
when  it  consists  of  four  brass  tubes  with  their 
stands. 

Mr.  Wilson^  in  a  masterly  tract  on  this  subject, 
entitled,  *'  A  Short  View  of  Electricity,"  has,  with 
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a  similar  apparatus,  explained  and  illusti^ated  all 
it&  general  principles. 

EXPERIMENTS  ON  THE  TWO  ELECTRIC 

POWERS. 

Experiment  xlix.  Touch  a  pair,  of  insu- 
lated pith  balls  with  an  excited  glass- tube,  they 
will  become  electrified,  and  will  separate  from 
each  other:  the  balls  are  electrified  positively,  and 
are  therefore  attracted  by  excited  wax,*  and  re- 
pelled by  excited  glass. 

As  those  light  substances,  which  possess  the 
same  electric  power,  repel  each  other;  we  can 
easily  discover  whether  they  are  electrified  posi- 
tively or  negatively,  by  presenting  an  excited  stick 
of  sealing-wax  or  glass  to  them.  If  they  are  at- 
tracted by  the  glass,  they  are  negatively,  if  repelled 
by  it,  they  are  positively  electrified:  on  the  con- 
trar}",  if  repelled  by  the  excited  wax,  they  are  ne- 
gative, if  attracted,  positive. 

In  ascertaining  the  nature  of  the  electric  powers, 
•  we  must  avoid  bringing  the  bodies  to  be  tried  near 
each  other  suddenly,  or  otie  with  a  strong  elec- 
tricity near  another  which  is  weakly  so ;  as  it  may 
render  the  experiment  doubtful,  by  attracting  and 
not  repelling  the  light  body. 

•  A  round  stick  of  sealing-wax,  about  twelve  or  fifteen  inches 
long  and  at  least  one  inch  in  diameter,  is  an  useful  article  for 
frududng  negative  electricity.    Edit. 
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Experiment  l.  Hold  an  excited  glass  tube 
over  one  of  the  brass  tubes,  but  at  somd  distance 
from  it;  part  of  the  natural  quantity  of  electricity 
contained  in  the  brass  tube  will  be  driven  into  the 
pith  balls  that  are  annexed  to  it,  by  the  excited 
glass,  the  balls  will  diverge  with  positive  electri- 
city; remove  the  excited  glass,  the  balls  will  then 
return  to  their  natural  state,  and  cloS^e. 

If  the  excited  glass  continues  in  its  place,  the 
balls  will  continue  to  be  repelled;  for  the  excited 
electric  will  always  continue  to  separate  the  powers 
of  electricity,  or,  in  other  words,  to  force  a  quan- 
tity from  the  surface  of  the  tube;  and  will  also 
prevent  its  return,  so  long  as  it  continues  of  the 
same  force,  and  acts  at  the  same  distance. 

The  nearer  the  excited  electric  is  brought^  the 
greater  is  the  effect. 

The  sphere  of  action  of  an  excited  electric  has 
been  distinguished  into  two  parts,  one  termed  the 
sphere  of  influence y  in  which  the  balls  will  separate, 
but  close  when  the  electric  is  removed;  the  other 
IS  called  the  sphere  of  communication,  in  which  the 
force  acquired  by  the  balls  remains  after  the  ex- 
cited electric  is  removed. 

Experiment  li.  Electrify  the  pith  balls  that 
are  suspended  from  the  brass  tube  A,  Jig.  27, 
then  bring  the  end  of  this  tube  in  contact  with 
the  end  of  the  tube  B,  the  balls  of  which  are  un* 
electrified:  the  stock  of  electricity  given  to  the 
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tube,  A,  will  be  equally  divided  between  each  pair 
of  balls,  those  of  the  tube,  B,  will  open,  and  those 
of  A  will  close  a  little. 

Experiment  lit.  Electrify  the  tubes,  A  and 
B,  fig.  ITy  equally  and  with  the  same  power,  put 
the  ends  of  the  tubes  together,  and  the  diver- 
gence of  the  balls  will  not  be  altered. 

Experiment  liii.  Electrify  the  tubes  equal* 
ly,  but  with  the  different  powers,  one  with  glass; 
the  other  with' wax;  bring  the  ends  of  the  tubes 
in  contact,  and  the  balls  will  closc^ 

We  learn  from  these  experiments,  that  the  po- 
sitive and  negative  powers  counteract  each  other; 
whence,  if  both  are  applied  at  the  same  time  to 
any  body,  the  electricity  it  acquires  will  be  only 
the  difference  of  the  two,  and  consequently  that 
of  the  strongest. 

Experiment  liv.  Hold  an  excited  glass  tube 
to  one  of  the  brass  tubes,  touching  this  tube  at 
the  same  time  with  your  finger,  part  of  the  natu- 
ral quantity  of  the  electric  fluid  resident  in  it  will 
be  forced  by  the  excited  glass  tube  into  the  finger; 
remove  at  the  same  instant  the  finger  and  glass, 
and  the  balls  will  remain  negatively  electrified. 

Experiment  lv.  Place  the  brass  tubes,  A 
and  Hy  fig.  22,  in  a  straight  line,  with  their  ends 
in  contact;  hold  the  excited  glass  over  the  tube 
A,  part  of  the  electric  fluid  naturally  resident  in 
this  will  be  driven  ink)  B:  separate  the  tubes,  the 
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balls  of  A  will  be  negative,  and  those  of  B  ,will  be 
in  a  positive  state;  bring  them  together  again, 
and  the  balls  will  close. 

The  tube.  A,  was  in  the  foregoing  experiment 
electrified  with  the  negative  power,  B,  with  the 
positive;  but,  when  they  were  brought  together, 
the  equilibrium  was  restored:  evincing,  that  no 
addition  of  electric  matter  was  communicated  to 
them,  but  that  the  natural  powers  of  electricity 
resident  in  the  tubes  were  separated  by  the  atmos- 
phere of  the  excited  electric,  and  proving  the  co- 
existence of  the  two  powers  in  every  substance. 
For  the  electric  fluid,  according  to  Mr.  Eeks^ 
consists  of  two  elastic  mediums,  which  equally 
and  strongly  attract  each  other,  and  are  attracted 
by  all  other  matter.  Therefore,  when  any  body  is 
immcrged  in  an  electric  atmosphere,  this  atmos- 
phere repels  the  power  which  is  of  the  same  kind 
in  the  body,  and  equally  attracts  that  which  is  of 
a  difFcrent  kind  in  the  same  body;  and  while 
these  bodies  remain  immerged  in  this  atmosphere, 
the  powers  remain  separated^  different  atmos- 
pheres existing  and  acting  at  each  end.  But, 
when  the  electric  is  removed,  the  two  powers  in- 
stantly join,  and  becoming  equal,  do  not  manifest 
any  sensible  action. 

Experiment  lvi.  Insulate  a  long  metallic 
rod,  suspend  a  pair  of  pith  balls  from  each  end  of 
it,  place  one  of  the  ends  at  about  two  inches  from 
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the  prime  conductor,  the  other  end  as  far  from  it 
as  possible;  electrify  the  conductor,  dnd  the  elec- 
tric fluid  in  the  rod  will  be  driven  to  that  end 
which  is  furthest  from  the  conductor*,  so  that  one 
end  will  be  electrified  negatively,  the  other  end 
positively,  as  will  be  seen  by  the  balls. 

Experiment  lvii.  Apply  a  stick  of  excited 
wax  to  the  tube  D,  fg.  22,  as  at  A;  while  it  re- 
naains  there,  the  b^Ils,  I,  open  with  negative  elec- 
tricity; raise  the  wax,  as  at  B,  and  the  balls  will 
close;  raise  it  still  higher,  to  C,  and  they  ^ill 
open  with  positive  electricity. 

ExPEiiiMENT  Lviii.  Excitcd  glass  held  over 
the  middle  of  the  tube  A,  Jig.  24,  forces  some 
part  of  the  natural  quantity  of  electricity  of  A  into 
the  balis^  and  some  part  out  at  the  two  ends  into 
the  air.  During  this  experiment,  the  balls  of  A 
are  repelled  by  glass,  and  are  therefore  in  a  posi- 
tive state;  but,  after  the  excited  glass  is  removed, 
they  in  a  very  little  time  change  to  a  negative 
state,  because  part  of  the  natural  quantity  had  es- 
caped from  the  pointed  ends  into  the  air,  while 
the  glass  was  held  over  the  tube;  but,  when  the- 
glass  is  removed,  the  over-charge  in  the, balls  will 
of  course  return,  and  diffuse  itself  equally  in  the 
tube:  but,  as  this  is  not  sufficient  to  balance  the 
loss  sustained,  the  tube,  thread,  and  balls,  must 
be  in  a  negative  state.* 

*  Wilsm\  Short  Wett  of  Electricity,  p.  7. 
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ExPERtMENT  Lix.  Place  three  tubcs^  A^  6^ 
C,  fig.  25,  in  a  line  near  to  or  in  contact  with 
each  other;  excited  glass  held  over  A  forces  out 
part  of  the  natural  quantity  ef  fluid  contained  ia 
A,  into  B  and  C;  separate  A  from  B  and  Cy 
A  will  be  electrified  negatively,  B  and  C  will  be 
in  a  positive  state.  Put  the  three  tubes  into  their 
former  situation,  the  equilibrium  will  be  restored^ 
and  the  balls  will  collapse.* 

Experiment  lx.  Place  four  tubes,  as  A,  B^ 
C,  D,  fig.  26,  in  contact  with  each  other;  ex- 
cited glass  held  over  A  forces  part  of  the  fluid 
contained  in  it  into  B,  the  quantity  received  in  B 
will  force  out  a  certain  portion  from  C  into  D; 
the  moment  before  the  excited  glass  is  removed 
from  A,  separate  B  and  D  from  A  and  C,  after 
which  it  will  be  found,  that  A  and  C  are  in  a  ne- 
gative, and  B  and  D  in  a  positive  state.-J* 

Experiment  lxi.  Excited  glass  held  at 
about  one  inch  distance  from  the  end,  B,  of  a 
Solid  cylinder  of  glass,  B  D,  plate  3,  ^g.  28, 
which  is  six  feet  long,  and  about  half  an  inch 
diameter,  will  force  part  of  the  fluid  at  the  end  B 
'  towards  the  remote  end  D;  but,  in  doing  this, 
the  natural  quantity  belonging  to  the  glass  will 
undergo  several  alterations,  which  are  discovered 

*  Jf^ihons  Short  View  of  £lectricit}r,  p.  S/ 
t  Ibid. 
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by  the  effect  an  excited  glass  tube  has  on  a  num- 
ber of  pith  balls,  which  are  suspended  at  equal 
distances  from  each  other,  between  B  and  D;  in 
a  little  space  of  time,  the  electricity  of  these  is 
changed,  those  that  were  positive  will  become  ne- 
gative, and  those  that  were  negative  will  become 
positive. 

If  the  excited  glass  is  held  in  contact  with  the 
end  B,  the  additional  quantity  received  at  B  will, 
in  going  towards  D,  cause  several  alterations  in 
the  density  of  the  fluid  in  B  D:  but  these  altera- 
tions will  be  converse  to  the  former,  and,  after  a 
little  time,  will  also  be  reversed. 

It  may  be  inferred  from  these  experiments,  that 
whenever  the  electric  fluid  in  any  body  become^ 
suddenly  more  dense  in  any  one  part,  the  fluid  in 
the  neighbouring  parts  will  be  more  rare,  and  vice 
versa.  These  alternate  changes  of  rarity  and 
density  must,  from  the  nature  of  an  elastic  fluids 
continue  to  oscillate  many  times  backwards  and 
forwards  before  the  fluid  can  be  at  rest;  though, 
when  these  motions  are  weakened  to  a  certain  de^ 
gree,  they  are  imperceptible  to  the  observer.* 

Most  of  the  preceding  experiments  may  be  made 
with  cylinders  of  wood  or  glass,  instead  of  brass. 
When  glass  is  used,  it  must  be  kept  dry  and  no( 
disturbed  by  friction. 

*  /Fi/wfl's  Short  View  of  Electricity,  p.  IB. 


if6  &XP6R7MBNTS  Oif  'TKt 

It  is  not  improbable^  that  the  attractive  and 
fepulsive  motions  Of  electrified  bodies  are  owing 
to  the  alternate  condensation  and  dilatation  of  the 
electric  fluid  on  the  surface  of  these  bodies^  a$ 
they  are  naturally  carried  where  they  meet  with 
the  least  resistance. 

That  there  is  a  vibratory  motion  or  struggle 
between  the  electric  fluid,  when  in  action,  and 
the  air,  is  evident  from  that  sensation  which  is  felt 
when  a  strongly  excited  electric  is  brought  near 
any  part  of  the  human  body;  and  is  such  as 
would  be  occasioned  by  a  spider's  web  drawn 
lightly  along  the  skin.  This  circumstance  is 
rendered  more  clear  by  an  experiment  made  by 
Dr.  P ties f ley,  in  order  to  discover  whether  elec- 
tricity was  concerned  in  the  freezing  of  water. 

Experiment  lxii.  He  placed  two  dishes 
with  water  in  the  open  air  in  the  time  of  a  severe 
frost,  one  of  them  he  kept  strongly  electrified, 
and  could  observe  no  diflTerence  in  the  time  when 
it  began  to  fi^eze,  or  in  the  thickness  of  the  ice 
when  it  had  been  frozen  for  some  time;  but  he 
observed  on  each  side  of  the  electrified  wire,  the 
same  dancing  vapour  which  is  seen  near  the  sur- 
face of  the  earth  in  a  hot  day,  or  at  any  time  near 
a  body  strongly  heated. 

An  electric  substance  contained  between  pa- 
rallel surfaces,  however  disposed,  is  called  an 
electric  plate. 
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Experiment  lxiii.  Electrified  substances 
\vill  attract  those  which  are  not  electrified,  al- 
though a  thin  electric  plate  be  interposed  between 
them. 

Experiment  lxiv.  Bodies  electrified  with 
contrary  powers  attract  each  other  strongly,  al- 
though an  electric  plate  be  interposed  between 
them:  and,  indeed,  all  those  phenomena  which 
depend  on  the  influence  of*  the  electric  atmos- 
pheres may  be  produced,  although  an  electric  is 
interposed  between  the  body  and  excited  electric. 

The  above-mentioned  experiments  shew  clearly 
that  electrics  are  permeable  by  the  separated  states 
of  this  fluid:  these  experiments  have  been  intro- 
duced before  in  another  part  of  this  work. 

To  account  for  any  of  the  phenomena  of  elec- 
tric attraction  and  repulsion,  is  very  difficult;  but 
more  so  to  shew  why  bodies,  which  are  electrified 
with  the  same  power,  repel  each  other,  particularly 
those  which  are  negatively  electrified.  Philoso- 
phers have  invented  various  solutions  of  this  diffi- 
culty; the  following  is  esteemed  the  best. 

"  *  To  understand  why  bodies  possessed  of  the 
same  electricity  repel  each  other,  the  reader  must 
be  reminded  of  the  following  principle,  'viz.  that 
the  electric  fluid,  proper  to  a  body,  can  neither  be 
augmented  jpori  diminished  on  the  surface  of  that 

*.  Cavalh*s  cy^mplcte  Treatise  of  Electricity,  p.  11Q» 
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body,    except  the  said  surface  is  contiguous  to 
an  electric,  which  can  acquire  a  contrary  electri- 
city at  a  little  distance;  from  whence  it  follows; 
that  no  electricity  can  be  displayed  on  the  facing 
surfaces  of  two  bodies,  which  are  sufficiently  near 
each  other,  and  both  possessed  of  the  same  elec- 
tricity, because  the  air  that  lies  between  them  has 
no    liberty  of  acquiring  a  contrary  electricity. 
This  being  premised,  the  explanation  of  electric 
repulsion  becomes  easy.     Suppose,  for  instance^ 
that  two  small  bodies  are  freely  suspended  by  in- 
sulated threads,  so  that,  when  they  are  not  elec- 
trified, they  hang  contiguous  to  each  other:  now 
suppose  these  bodies  to  be  electrified  positively  or 
negatively,  and  they  must  repel  each  other;  for 
either   the  increased  or  diminished  quantity  of 
the  electric  fluid  in  these  bodies  will  endeavour  to 
diffuse  itself  equally  over  every  part  of  the  surfaces 
of  these  bodies,  and  this  endeavour  will  cause  the 
.  bodies  to  recede  from  each  other,  so  that  a  quan* 
tity  of  air  may  be  interposed  between  their  sur- 
faces sufficient  to  acquire  a  contrary  electricity, 
at  a  little  distance  from  the  said  surfaces;  other- 
wise, if  the  bodies  possessed  of  the  same  electri- 
pity  do  not  re|)el  each  other,  so  that  a  sufficient 
quantity  of  air  may  be  interposed  between  their 
surfaces,  the  increased  quantity  of  eketric  fluid, 
when  the  bodies  are  electrified  positively,  or  tlie 
remnant  of  it^  when  they  are  electrified  nega- 
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lively,  cannot  be  difiused  equally  over  the  surfa- 
ces of  these  bodies;  for  no  electricity  can  appear 
upon  the  surfaces  of  bodies  in  contact,  or  that  are 
very  near  each  other:  but  the  electric  fluid,  by 
attracting  the  particles  of  matter,  endeavours  to 
diffuse  itself  equally  over  the  sur&ces  of  these 
bodies,  and  the  bodies  are  by  this  endeavour 
forced  ro  repel  each  other." 

^'  *  The  difficulty  is  not,  however,  solved  by 
this  theory,  which  only  explains  one  fact  by  ano- 
ther,  which  requires  as  much  explanation  as  the 
first:  but,  ovetlooking  this,  it  is  still  insufficient; 
ibr,  granting  that  bodies  negatively  electrified 
ought  to  repel  each  other,  till  the  electricity  is 
equally  diffused  over  their  surfaces,  yet  when  this 
is  accomplished,  the  repulsion  ought  to  cease. 
Further,  there  is  no  reason  for  supposing  the 
electrification  to  take  place  while  the  bodies  arc 
in  contact,  or  nearly  so.  One  may  be  electrified 
negatively  in  one  corner  of  a  room;  and  another 
in  the  others  The  electrification  may  also  be 
continued  for  any  length  of  time  we  please.  So 
that  the  electric  matter  must  have  diffused  its^elf 
equally  over  the  surfaces  of  both.  Yet,  if  we 
attempt  ta  bring  these  bodies  together,  they  will 
repel  each  other,  which  ought  not  to  be  the  case 
on  the  preceding  supposition." 

*  fincydopasdla  Britannica^  p.  26e3. 
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*"  *  Positive  electricity  has  been  supposed  by 
another  to  consist  of  a  vibratory  motion  in  the 
air  and  electric  fluid,  in  which  the  force  of  the 
vibration  is  directed  outwards  from  the  electric 
body :  that  in  negative  electricity  there  is  also  a 
vibratory  motion,  but  the  force  is  directed  in- 
wards.    Now,   let  us  suppose  a  body  positively 
electrified  suspended  by  a  small  thread  at  a  dis- 
tance from  any  other,  the  vibratory  motion  being 
kept  up  by  an  equal  pressure  on  all  sides,  the 
body  is  neither  moved  to  one  side  nor  another; 
bat,  when  a  negatively  electrified  body  is  brought 
near,   the  force  of  the  vibration  being  directed 
outwards  in  the  one,  and  inwards  in  the  other, 
the  pressure  of  the  fluid  in  the  intermediate  space 
between  them   is   greatly  lessened,    and   conse- 
quently the  pressure  on  the  other  side  drives  them 
both  together,  and  they  are  said  to  attract  each 
other.     If  a  body  electrified  positively  is  brought 
near  the  first,  the  force  of  the  vibrations  is  directly 
opposed  to  each  other,  and  therefore  the  bodies 
recede  from  each  other.     The  case  is  the  same 
with  two  bodies  negatively  electrified:  for  here 
the  vibration  being  directed  towards  both  bodies, 
as  towards  two  centers,  must  cause  them  to  recede 
from  each  other,  because  if  they  remained  in  con- 
tact, the  vibratory  motions  would  interfere  with 
ciich  other. 

*  Encjclqpewlia  Biitannica^  p.  26^9. 
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**  When  a  small  body  is  brought  within  the 
sphere  of  another's  electricity,  the  equable  pres- 
sure of  that  vibratory  or  electrical  sphere  is  some- 
what lessened  upon  the  side  near  which  the  body 
is  brought^  and  it  is  therefore  impelled  towards 
the  first  by  the  action  of  the  surrounding  fluid,  in 
order  to  keep  up  the  equilibrium.  As  soon  as  it 
arrives  there,  the  vibrations  of  the  fluid  around  the 
first  body  being  communicated  to  that  within  the 
pores  of  the  second,  it  acquires  a  sphere  of  elec- 
tricity as  well  as  the  first,  and  is  consequently 
repelled:  the  repulsion  continues  till  the  vibration 
ceases,  cither  by  the  action  of  the  air,  or  by  the 
body  coining  in  contact  with  another  larger  than 
itself,  in  which  case  its  electricity  is  said  to  be 
discharged.  If^  after  this  discharge,  the  second 
body  is  still  within  the  sphere  of  the  first,  it  will 
be  immediately  attracted,  and  very  soon  after  re- 
pelled; and  so  on  alternately,  till  the  electricity 
of  the  former  totally  ceases." 

Frpm  several  experiments  o(  Beccarias,  it  ap- 
pears that,  if  the  air  is  thoroughly  exhausted  from 
a  glass  receiver,  the  attraction  and  repulsion  of 
electrified  light  bodies  within  the  receiver  grows 
languid,  and  soon  ceases  altogether.  This  is 
confirmed  by  an  experiment  of  Mr.  Cavallos.  A 
pith  ball  electrometer  was  suspended  within  a  re- 
ceiver of  an  air-pump,  by  its  brass  cap;  this  was 
then  electrified;  the  balls  diverged  a  little  vvhea 
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the  air  was  only  rarefied  100  times;  when  it  was 
rarefied  300  times,  the  repulsion  was  scarce  duk 
cernable;  when  the  rarefaction  was  greater,  they 
did  not  diverge  at  all;  and  that,  whether  a  small 
or  large  quantity  of  electricity  waa  communicated 
to  the  cap.* 


EXPERIMENTS   ON    THE  ATTRACTION   AND   RE- 
PULSION OF  EXCITED  SILK  RIBBONS. 

Experiment  lxv.  Put  a  black  and  white 
ribbon  together,  and  draw  them  through  the  fin* 
gcrs;  by  this  operation  the  white  ribbon  will  be 
electrified  positively,  the  black  negatively,  and 
will  consequently  attract  each  other. 

Experiment  lxvi.  Lay  either  of  the  rib- 
bons upon  a  quire  of  paper,  and  draw  over  it  am- 
ber, sealing-wax,  or  any  other  negative  electric, 
the  ribbons  will  be  excited  positively. 

If  positive  electrics  are  drawn  over  the  ribbons^ 
they  will  be  excited  negatively. 

Experiment  lxvii.  A  piece  of  flannel  and 
a  black  ribbon  will  excite  as  well  together  as  a 
black. and  white  ribbon. 

Experiment  lxviii.  Dry  two  white  silk 
ribbons  at  the  fire,  extend  them  on  any  smooth 
plane,  draw  the  edge  of  a  sharp  ivory  rule  over 

*  Phil.  Trans,  vol.  73,  p.  452. 
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them;  while  th^  continue  on  the  plane  they  do 
not  seem  to  have  acquired  any  electricity^  yet 
when  taken  up  separately^  they  are  observed  to  be 
negatively  electrified,  and  repel  each  other. 

When  they  are  separated  from  each  other,  elec- 
tric sparks  are  perceived  between  them ;  but,  when 
they  are  again  put  on  the  plane,  no  light  is  per- 
'  ceived  without  a  second  friction. 

ExPERiMEN-T  LXix,  Placc  the  ribbons  on  a 
rough  conducting  substance,  rub  them  as  before, 
and  they  will,  on  their  separation,  shew  contrary 
electricities,  which  will  also  disappear  when  they 
are  joined  together. 
*  If  the  ribbons  are  made  to  repel  each  other,  and 
then  joined  together,  and  placed  on  the  fore-men- 
tioned rough  substance,  they  will  in  a  few  minutes 
be  mutually  attracted ;  the  uppermost  being  posi- 
tively, the  undermost  negatively  electrified. 

When  two  white  ribbons  receive  their  friction 
on  a  rough  surface,  they  always  acquire  contrary 
electricities;  the  upper  one  is  negatively,  the  lower 
one  positively  electrified. 

Experiment  lxx.  When  two  ribbons  are 
made  to  repel  each  other,  draw  the  point  of  a 
needle  lengthways  down  one  of  them,  and  they 
will  rush  together. 

Experiment  lxxi.  Bring  an  electrified  rib- 
bon near  a  small  insulated  metallic  plate,  it  will 
be  attracted  but  feebly;  bring  a  finger  near  the 
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plate,  a  spark  will  be  observed  between  them, 
though  both  together  shew  no  signs  of  electricity; 
on  the  separation  of  the  ribbon,  they  again  appear 
to  be  electrified,  and  a  spark  is  perceived  between 
the  plate  and  the  finger. 

Experiment  lxxii.  Lay  a  number  of  rib- 
bons of  the  same  colour  upon  a  smooth  conduct- 
ing  substance,  draw  the  ivory  rule  over  them, 
take  them  up  singly,  and  each  will  give  a  spark  at 
the  place  where  it  is  separated  from  the  other; 
the  last  will  do  the  same  with  the  conductor; 
they  are  all  negatively  electrified.  Take  them 
from  the  plate  together,  they  will  all  cohere  in 
one  mass,  which  is  negatively  electrified  on  both 
sides. 

Experiment  lxxiii.  Let  them  be  placed 
on  a  rough  conducting  substance,  and  then  be 
separated  singly,  beginning  with  the  lowermost; 
sparks  appear  as  before,  but  all  the  ribbons  will 
be  electrified  positively  except  the  uppermost.  If 
they  receive  the  friction  upon  the  rough  conduc- 
tor, and  are  all  taken  up  at  once,  all  the  interme- 
diate  ribbons  acquire  the  electricity  of  the  highest 
or  lowest,  according  as  the  separation  is  begun 
with  the  highest  or  the  lowest. 

The  following  very  curious  observations  and 
experiments  were  made  by  Mr.  Symmer.  He  had 
been  accustomed  to  wear  two  pair  of  silk  stock- 
ings, a  black  and  a  white;  when  these  were  pulled 


OP  EXCITEP  SILK-RIBBONS.  189 

off  both  together,  no  signs  of  electricity  appeared; 
but,  on  pulling  off  the  black  ones  from  the  white^ 
he  heard  a  snapping  or  cracking  noise,  and  in  the 
dark  perceived  sparks  between  them.  To  pro- 
duce this  and  the  following  appearances  in  great 
perfection,  it  was  only  necessary  to  draw  his  hand 
several  times  backward  and  forward  over  his  leg 
with  the  stockings  upon  it. 

When  the  stockings  were  separated,  and  held 
at  a  distance  from  each  other,  both  of  them  apr 
peared  to  be  highly  excited;  the  white  stocking  ' 
positively,  the  black  negatively.  While  they  were 
kept  at  a  distance  from  each  other,  both  of  them 
appeared  inflated  to  such  a  degree,  that  they  ex- 
hibited the  entire  shape  of  the  leg.  When  two 
blac'k  or  two  white  stockings  are  held  in  one 
hand,  they  repel  one  another  with  considerable 
force.  When  ^  white  and  black  stocking  arc 
presented  to  each  other,  they  are  mutually  at- 
tracted, and  rush  together,  if  permitted,  with 
great  violence.  As  they  approach,  the  inflation 
jgradually  subsides,  and  their  attraction  of  foreign 
objects  diminishes,  but  their  attraction  of  one 
another  increases ;  when  they  actually  meet,  they 
become  flat  and  joined  close  together,  like  so 
many  folds  of  silk;  when  separated  again,  their 
electric  virtue  does  not  seem  in  the  least  impaired 
for  having  once  met.  The  same  appearances  will 
he  exhibited  by  them  for  a  considerable  time. 
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When  the  stockings  were  sufFcred  to  meet,  they 
«tuck  together  with  considerable  force;  at  first 
Mr,  Symnier  found  they  required  from  one  to 
twelve  ounces  to  separate  them.  Another  time 
th^  raised  seventeen  ounces.  Getting  the  black 
stockings  new  dyed,  and  the  white  ones  washed 
and  whitened  in  the  fumes  of  new  sulphur,  and 
then  putting  them  one  within  the  other,  with  the  • 
rough  sides  togethej,  they  required  three  pounds 
three  ounces  to  separate  them.  When  the  white 
stocking  was  put  within  the  black  one,  so  that  the 
outside  of  the  white  was  contiguous  to  the  inside 
of  the  black,  they  raised  nine  pounds,  wanting  a 
few  ounces;  when  the  two  rough  surfaces  were 
together,  they  raised  fifteen  pounds  one  penny 
weight  and  an  half* 

*  The  Rev.  Mr.  Lyon  has  made  many  curious  expcrimcnti« 
on  the  attraction  of  ribbons,  their  cohesion,  &c.  Sec  Lyon% 
Experiments  and  Observations  on  Electricity. 
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BXPEBIMENT  LXXIV. 

Fix  the  wire  and  ball,  B,  to  the  end  of  the  con* 
ductor,  as  at  A,  plate  3,  fig.  29  ^  turn  the  cylin- 
der, and  then  bring  the  knackle  or  another  metal 
ball,  as  C,  towards  B;'  if  the  machine  is  powerful, 
a  long  crooked,  brilliant,  electric  spark,  with  the 
appearance  of  fire,  attended  with  a  snapping  noise, 
will  pass  between  the  two  balls,  or  between  the 
knuckle  and  ball. 

The  experiments  in  the  foregoing  chapter  shewj 
that  those  substances  which  arc  brought  within 
the  influence  of  the  electrified  bodies  will  become 
possessed  of  a  contrary  electricity,  and  are  conse- 
quently in  a  proper  state  to  receive  a  spark  from 
any  body  that  is  charged  with  electric  matter;  and 
ivhen  brought  near  enough,  they  will  receive  the 
fluid  in  one  explosion.  If  the  conductor  is  nega* 
tive,  it  receives  the  fluid  from  the  approaching 
body.  The  spark  does  not  explode  at  the  greatest 
distance  on  a  given  body,  until  it  has  first  been 


188  OF  THE  ELECTRIC  SPARK. 

made  to  strike  at  some  smaller  distance^  which,  as 
it  were,  entices  the  discharge  gradually  forwards. 

The  longest  and  most  dense  sparks  proceed 
from  the  end  of  the  conductor  which  is  farthest 
from  the  cylinder,  though  long  curvilinear  sparks 
may  also  be  taken  near  th^  insulating  pillar  which 
$upports  the  conductor. 

The  spark,  or  quantity  of  electricity  discharged, 
is  nearly  in  proportion  to  the  size  of  the  conduc- 
tor; so  that  larger  and  longer  sparks  are  obtained 
from  a  conductor  which  has  a  considerable  surface, 
than  from  a  small  one.  This  has  been  extended 
50  far,  that  the  force  of  the  spark  from  a  conduc- 
tor has  been  equal  to  a  shock  from  a  good  sized 
phial. 

The  sound  is  occasioned  by  the  momentary 
agitation  into  which  the  air  is  thrown  by  the  elec- 
trie  fluid. 

If  the  electric  spark  is  received  on  any  part  of 
the  body,  it  occasions  a  sensation  sotnething  re- 
sembling a  smart  blo^',  which  is  more  or  less 
painful,  in  proportion  to  the  tenderness  of  the 
part,  or  the  strength  and  weakness  of  the  spark. 

When  the  quantity  of  electricity  is  small,  and 
incapable  of  striking  at  any  considerable  distance, 
the  spark  appears  straight;  but  when  it  is  strong, 
and  capable  of  striking  at  a  greater  distance,  it 
assumes  a  crooked  or  zig-zag  direction ;  and  this. 


probably^  because  the  more  fluid  electric  matter 
has  to  pass  with  great  rapidity  through  the  denser 
and  less  fluid  atmosphere^  which  reciprocally  acts 
upon  each  other. 

If  the  uninsulated  conducting  substance  that  is 
presented  to  the  prime  ^nductor^  in  order  to  take 
sparks  therefrom,  be  broad,  round,  and  polished 
at  the  end,  the  sparks  will  be  short  and  dense, 
and  will  produce  a  considerable  sound.     If  less 
broad,  the  spark  will  be  long,  crooked,  and  not 
so  sounding.     If  the  breadth  be  still  more  dimi- 
nished, the  conductor  begins  to  come  under  the 
denomination  of  a  pointed  body;  the  electric  fluid 
passes  to  it  from  the  prime  conductor,  through  a 
great  space  of  air,  with  a  hissing  or  rustling  noise, 
and  in  a  continual  stream.     A  still  greater  sharp- 
aess  enables  the  electricity  to  pass  over  a  still 
greater  space,  but  silently,  and  nothing  is  seen 
but  a  small  light  upon  the  point.     If  a  similar 
point  issue  from  the  prime  conductor,  and  the 
uninsulated  conductor  be  round  and  polished,  the 
same  effects  happen  in  like  situations;   but,  if 
both  be  pointed,  the  electricity  is  more  readily 
discharged ;  and,  in  all  these  cases,  the  appear- 
ance of  the  electric  matter  at  the  point  of  th^ 
prime  conductor  will  be  that  which  is  peculiar  to 
its  electricity — ^a  large  divergent  cone,   if  posi- 
tive;  a  small  globular  light  or  cone,  if  negativcf 
apd  the  light  at  the  point  presented  to  the  prime 
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eonductor^  will  be  cbaracteristie  of  the  contrary 
electricity. 

It  will  be  seen^  by  a  great  variety  of  experi- 
ments^  that  the  electric  fluid  is  dissipated,  unless 
it  is  resisted  by  the  pressure  of  the  atmosphere^ 
which  keeps  the  fire  together  in  a  body,  and  by 
concentrating,  it  increases  its  splendor.  The 
spark  which  explodes  in  the  air  is  vivid,  like  light- 
ning; but,  if  the  same  is  tried  in  an  exhanstcd 
receiver,  instead  of  a  spark,  and  explosion,  we  have 
only  a  silent,  faint,  diluted  stream. 

Beccaria  says,  that  the  air  resists  the  electric 
spark  in  proportion  to  its  density^  and  the  thick-- 
ness  of  the  stratum  it  opposes  to  the  spark,  or  the 
length  of  the  passage  they  open  for  themselves 
through  its  substance.  He  also  shews  by  a  va- 
riety of  experiqients,  that  the  air  is  driven  in 
every  direction  by  the  electric  fluid  with  a  force, 
the  action  of  which  does  not  immediately  subside* 
It  will  appear  from  this,  as  well  as  many  other 
considerations,  that  the  exceeding  griat  velocity 
and  strength  of  the  electric  fluid  are  not  owing  to 
a  repulsive  power  among  its  particles,  but  to  the 
mutual  action  of  the  air  and  electric  fluid  upon 
themselves  and  one  another;  and  that  its  momen- 
tum is  produced  by  the  incumbent  pressure  of  the 
atmpsphere  on  the  electric  fluid,  and  the  pressure 
9f  one  part  of  this  matter  upon  another.  This 
ktter.  pressure  must  be  very  great,  if  the  particles 
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of  the  electric  fluid  are  in  contact,  or  act.  imme'i* 
diately  one  on  the  other  throughout  the  wide 
immensity  of  space. 

The  electric  spark  ai^>ears  of  a  difierent  colour, 
according  to  its  density:  when  it  is  rare,  it  ap* 
pears  of  a  bluish  colour;  when  more  dense,  it  is 
purple;  when  highly  condensed,  it  is  clear  and 
white,  like  the  light  of  the  sun. 

The  middle  part  of  an  electric  spark  often  ap- 
pears diluted,  and  of  a  red  or  violet  colour;  the 
ends  are  more  vivid  and  white,  probably  because 
the  fluid  meets  with  the  greatest  resistance  at  its 
entrance  and  exit. 

The  spark  is  sometimes  divided  into  many  parts, 
as  in  flaie  3,  fig.  30.  The  rays  of  the  pencil  con- 
centrate where  they  strike  the  ball,  and  form  upon 
it  many  dense  and  shining  sparks. 

ExPEBiMENT  LXXY.  To  rcfidcf  an  ivory  ball 
hmiinous.  Place  an  ivory  ball  on  the  conductor, 
lake  a  strong  spark,  or  pass  the  charge  of  a  Ley- 
den  jar  through  the  center  of  it,  the  ball  will  ap- 
pear perfectly  luminous.  If  the  charge  is  not 
taken  through  the  center,  it  will  pass  over  and 
corrode  the  sur&ce  of  the  ball. 

ExPEEiMBNT  Lxxvi.  To  obtain  a  crimson  co- 
loured  spark.  Take  a  spark  through  a  ball  of  box 
wpod,  and  it  will  appear  of  a  beautiful  crimson,  or 
rather  a  fine  scarlet  colour;  or  the  shock  may  be 
passed  through  pieces  of  wpod  of  different  thick*- 
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Besses  and  density^  which  will  afibrd  a  very  ample 
field  for  observation  and  experiment. 

The  two  foregoing  experiments  are  so  anala- 
gous  t&  the  famous  experiment  of  Mr.  ILjwksbee, 
and  some  others  that  have  been  made  since  his 
time,  that  I  have  subjoined  them,  and  hope  they 
will  lead  to  a  further  investigation  of  this  curious 
subject. 

Experiment  lxxvii.  Mr.  Ilav;ksbee  lined 
more  than  half  the  inside  of  a  glass  globe  with 
sealing-wax,  he  exhausted  the  globe,  and  put  it 
in  motion;  when,  on  applying  his  hand  to  excite 
it,  he  saw  the  shape  and  figure  of  it  as  distinctly 
on  the  concave  superficies  of  the  wax  within,  as 
if  only  pure  glass  had  intervened  between  his  eye 
and  his  hand.  The  lining  of  wax,  where  it  was 
thinnest,  would  but  just  allow  the  light  of  a  can- 
dle to  be  seea  through  it  in  the  dark.  In  some 
parts  the  wax  was  at  least  an  eighth  part  of  an 
inch  thick ;  yet,  even  in  those  places,  the  shape 
and  figure  of  his  hand  were  as  distinguishable  as 
any  where  else. 

Beccaria  discharged  an  electric  shock  through 
some  brass  dust,  sprinkled  between  two  pla'tes  of 
sealing-wax;  the  whole  was  rendered  perfectly 
luminous  and  transparent. 

Experiment  lxxvih.  The  finger  rendered 
baninoiis.  This  extraordinary  experiment  was 
made  by  Dr.  Priesflej^  and  is  thus  described  by 
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hitn*  I  laid  a  chain,  which  was  in  contact  with 
the  outside  of  a  jar,  lightly  on  my  finger,  and 
sometimes  kept  it  at  a  small  distance  by  means  of 
a  thin  piece  of  glass.  If  I  made  the  discharge  at 
the  distance  of  about  three  inches,  the  electric  fire 
was  visible  on  the  surface  of  the  finger,  giving  it 
a  sudden  concussion,  which  seemed  to  make  it 
vibrate  to  the  very  bone;  and,  when  it  happened 
to  pass  on  that  side  of  the  finger  which  was  oppo- 
site to  the  eye,  the  whole  seemed  in  the  dark 
perfectly  transparent. 

Experiment  lxxix.  To  make  a  bottle  ofwa^ 
fer  luminous.  Connect  one  end  of  a  chain  with 
the  outside  of  a  charged  jar,  let  the  other  end  lie 
on  the  table,  place  the  end  of  another  piece  of 
chain  at  about  one  quarter  of  an  inch  distance 
irom  the  former,  then  set  a  decanter  of  water  on 
these  separated  ends;  and,  on^  making  the  dis- 
charge through  the  chain,  the  water  will  appear 
perfectly  and  beautifiiUy  luminous. 

Do  not  these  experiments  indicate,  that  there  is 
a  subtile  medium  both  in  electric  and  non-electric 
bodies,  that  renders  them  transparent  when  it  is 
put  in  motion  ? 

Experiment  lxxx.  Green  and  red  sparks. 
The  spark^  taken  over  a  piece  of  silver  leather, 
appear  of  a  green  colour;  and  over  gilt  leather,  of 
a  red  colour* 
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Experiment  lxxxi.  With  tie  spiral  tube. 
E  F,  plate  Z^fig.  3 1,  is  a  glass  tube,  round  which  at 
small,  but  equal  distances  from  each  other,  pieces 
of  tin-foil  are  pasted  in  a  spiral  form,  hence  it  is 
culled  the  spiral  tube^  from  end  to  end;  this  tube 
is  inclosed  in  a  larger  one,  fitted  with  brass  caps 
at  each  end,  which  are  connected  with  the  tin- 
foil of  the  inner  tube.  Hold  one  end  in  the  hand^ 
and  apply  the  other  near  enough  to  the  prime 
conductor  to  take  sparks  from  it,  a  beautiful  and 
lucid  spot  will  then  be  seen  at  each  separation  of 
the  tin-foil :  these  multiply,  as  it  were,  the  sparks 
taken  from  the  conductor;  for,  if  there  was  no 
break  in  the  tin-foil,  the  electric  fire  would  pass 
off  unpcrceivcd. 

Experiment  lxxzii.  The  lutmnous  word. 
This  experiment  is  exactly  on  the  same  principles 
as  the  foregoing.  The  word  is  formed  by  the 
smalt  separations  made  in  the  tin-foil,  which  is 
pasted  on  a  piece  of  glass  that  is  fixed  in  a  frame 
of  baked  wood,  as  is  represented  in  fig.  32.  To 
make  the  experiment,  hold  the  frame  in  the  hand^ 
and  present  the  ball,  G,  to  the  conductor;  the 
spark  received  on  this  will  be  communicated  tp 
the  tin-foil,  and  follow  it  in  all  its  windings,  till 
it  arrives  at  the  hook,  h,  and  is  conveyed  froia 
thence  to  the  ground  by  a  chain.  The  luoid  ap-^ 
pearance  at  each  break  exhibits  a  veiy  brilliant 
word  by  sparks  of  fire. 
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Experiment  lxxxiii.  To  take  the  electric 
spark  with  a  metal  point.  Screw  a  pointed  brass 
vvire  into  one  end  of  a  spiral  tube,  and  present  it 
to  the  conductor  while  the  machine  is  in  action, 
when  a  strong  spark  will  pass  between  the  con- 
ductor and  the  point. 

Experiment  lxxxiv.  A  strong  spark  oh-^ 
tamed  by  a  point.  Take  a  clean  dry  glass  tube,  of 
about  a  quarter  of  an  inph  bore,  insert  a  pointed 
wire  in  this  tube,  keep  the  pointed  end  at  som^ 
distance  from  the  end  of  the  tube,  let  the  other 
end  be  connected  with  the  ground^  bring  the  fbr-^ 
mer  towards  the  prime  conductor^  and  strong 
^ig-zag  sparks,  attended  with  a  peculiar  noise,  will 
pass  between  the  conductor  and  the  point. 

Experiment  lxxxv.  Spiral  illumination. 
Take  iC  round  board  well  varnished,  and  lay  on  it 
a  chain  in  a  spiral  form ;  let  the  interior  end  of 
the  chain  pass  through  the  board,  and  connect  it 
with  the  coating  of  a  large  jar;  fix  the  exterior 
end  to  a  discharging  rod,  and  then  discharge  the 
jar;  a  beautiful  spark  will  be  seen  at  every  link  of 
the  chain.  The  illuminations  to  be  produced  by 
a  chain  are  capable  of  an  infinite  variety  of  modi* 
fications.  ^ 

Experiment  lxxxvi.  Luminous  discharge^. 
Place  spots  of  tin-foil,  at  c;qual  distances  from 
each  other,  on  a  piece  of  bent  glass,  and  let  the 
ends  of  the  glass  be  furnished  with  brass  balls,  and 
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a  glass  handle  be  fixed  to  the  middle  of  the  bent 
glass.  The  instrument  will  serve  as  a  discharger^ 
and  at  the  same  time  exhibit,  at  each  separation 
of  the  tin-foil,  the  electric  light.  The  same  end 
is  answered  by  connecting  an  iron  chain  with  the 
two  balls. 

Experiment  lxxxvu.  Illumination  by  a  re^ 
"oolving  spark.  Fig.  98,  flaie  5,  represents  several 
spiral  tubes  placed  round  a  board ;  a  glass  pillar  is 
fixed  to  the  board,  and  on  this  pillar  is  cemented 
'a  metal  cap,  carrying  a  small  steel  point;  a  brass 
wire,  furnished  with  a  ball  at  each  end  and  nicely 
balanced,  is  placed  on  this  point:  place  the  mid- 
dle of  this  wire  under  a  ball  proceeding  from  the 
conductor,  so  that  it  may  receive  a  continued 
spark  from  the  ball;  then  give  the  wire  a  rotative 
motion,  and  the  balls  in  revolving  will  give  a 
spark  to  each  ball  of  the  spiral  tube,  which  will  be 
communicated  from  thence  to  the  board;  form- 
ing, from  the  brilliancy  of  the  light  and  its  rapid 
motion,  a  very  pleasing  experiment. 

All  these  experiments  on  the  interrupted  spark 
may  be  pleasingly  and  beautifully  varied,  and  the 
spark  made  to  appear  of  different  colours,  at  the 
pleasure  of  the  operator. 

Fig.  92  represents  a  small  glass  tube,  stopped  at 
one  end  with  a  piece  of  cork;  k,  a  wire  passing 
through  a  piece  of  cork,  fitted  into  the  other  end 
of  a  tube;  the  upper  part  of  the  wire  is  furnished 
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V/'ith  a'  brass  ball,  the  end  of  the  wire  within  t)ie 
tube  is  bent  at  right  angles  to  the  rest  of  the  wire. 

Experiment  lxxxviii.  To  perforate  a  glass 
hottle  hy  the  electric  spark.  Take  out  the  upper 
cork  and  wire;  pour  some  salad  oil  into  this  tube, 
and  then  fit  in  the  cork  and  push  down  the  wire, 
so  that  the  end  of  it  may  be  near  or  rather  below. 
the  surface  of  the  oil ;  present  the  ball  towards  a 
prime  conductor,  holding  thq  finger^  or  any  other 
non-conductor,  opposite  the  bent  end  of  the  wire; 
and,  when  a  spark  passes  from  the  conductor  to 
the  bra^  ball,  another  will  pass  fvom  the  end  of 
the  wire  and  perforate  the  glass :  the  oil  will  be 
curiously  agitated. 

This  experiment  appears  more  beautiful  when  it 
is  made  in  the  dark.  After  the  first  hole  is  made, 
turn  the  pnd  of  the  w.ire  round  towards  another 
part  of  the  glass  tube,  and  a  second  hole  may  be 
made  in  the  same  manner. 

r 

Mr.  Lidlen  produces  very  considerable  effects 
by  passing  the  shock  through  wires  that  were  in- 
serted ia  tubes  filled  with  oil.-  The  spark  appears 
larger  in  its  passage  through  oil  than  when  it 
passes  through  wat^. 

Mr.  Filette  filled  a  dish  of  metal  with  oil,  and, 
when  he  had  electrified  the  dish,  he  plunged  a 
needle  into  the  oil,  and  received  a  very  strong 
spark  as  soon  as  the  point  of  it  came  within  a 
small  distance  of  the  dish.    A  small  cork  ball 
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being  made  to  swim  in  this  oil,  upon  the  ap^ 
proach  of  the  thic^k  end  of  the  stalk  of  a  lime,  it 
plunged  to  the  bottom,  and  immediately  rose  up 
again. 

The  separation  between  the  pieces  of  tin-foil,  iu 
Experiment  62,  forms  a  resistance  which  hinders 
the  immediate  reception  of  the  electric  fluid,  and 
thus,  in  some  measure,  prevents  the  common  ac«- 
tion  of  the  point  on  the  conductor;  or,  the  powei* 
of  a  point,  to  prevent  an  explosion,  depends  on 
its  having  a  perfect  uninterrupted  metallic  com^ 
munication  with  the  earth;  though  this  is  not 
always  sufficient,  as  may  be  seen  by  Experiment 
63,  where  the  fluid  is  concentrated  and  collected 
by  the  non-conducting  substance  which  surrounds 
the  point;  a  case  similar,  in  many  respects,  to  the 
conductors  which  are  erected  for  the  preservation 
of  buildings^ 

PHOSPHORIC  EXPERIMENTS. 

Experiment  lxxxix.  Phosphorus  illumi^ 
^nated.  Take  some  of  the  powder  of  Canim*^ 
phosphorus,  and,  by  means  of  a  little  spirit  of 
wine,  stick  it  all  over  the  inside  of  a  clean  glass 
phial,  then  stop  the  bottle,  and  keep  it  from  the 
light.  To  illuminate  this  phosphorus,  draw  seve- 
ral strong  sparks  from  the  conductor,  keeping  the 
phial  about  two  or  three  inches  from  the  sparks 
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96  that  it  may  be  exposed  to  their  light ;  the  phial 
will  afterwards  appear  luminous^  and  remain  so 
for  a  considerable  time. 

ExPBBiMENT  xc.  Cut  out  in  pasteboard,  or 
foft  wood,  the  figure  of  a  crescent  or  any  of  the 
{Janets;  cover  this  equally  with  the  white  of  an 
egg  beat  up  till  it  is  quite  smooth,  over  which  sift 
the  phosphorus  through  a  fine  lawn  sieve,  then 
let  it  dry,  and  blow  off  all  that  is  not  fixed  by  the 
egg.  To  make  the  experiment,  place  the  object 
in  the  communication  between  two  directors,  and 
.discharge  the  jar,  when  the  whole  will  become 
beautifully  luminous;  care  must  be  however  taken 
to  hold  the  directors  at  a  little  distance  above  the 
phosphorus,  for  if  it  passes  through  it,  the  whole 
of  the  powder  in  the  track  of  the  fluid  will  be 
torn  off. 

Place  a  small  key  on  the  phosphorus,  and  dis- 
charge a  Leyden  phial  over  the  phosphorus,  and 
then  throw  the  key  off  from  it;,  and  when  it  is 
exhibited  iii  the  dark,  the  form  of  the  key  and  all 
its  wards  will  be  perfectly  seen. 

As  the  experiments  on  phosphorus  are  in.  them* 
selves  exceedingly  curious,  and  appear  to  me  to 
be  intimately  connected  with  the  nature  of  elec- 
tricity, I  hope  I  shall  not  be  thought  to  have 
deviated  too  far  from  the  sdbject  of  this  Essay,  by 
introducing  some  experiments  of  Mr.  fVilson  on 
this  subject;  the  more  so,  as  the  prcniaciug  the 
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prismatic  colours  is  by  no  means  difficult,  as  little 
more  is  required  than  a  few  oyster  shells,  and  a 
good  fire  of  any  kind.  For,  if  those  shells  are 
thrown  carelessly  into  the  middle  of  the  fire,  and 
continued  there  for  a  proper  time,  which  may  be 
for  ten  minutes,  a  quarter^  half,  or  three  quarters 
of  an  hour,  according  to  the  thickness  and  com« 
pactness  of  the  shells  and  the  degree  of  fire  they 
arc  exposed  to,  they  will  exhibit  lively  prismatic 
colours,  after  they  are  removed  from  the  sun  into 
the  dark  suddenly,  and  the  eyes  have  been  pre* 
viously  prepared  a  little  to  receive  them.  Mr. 
TVllson  excited  also  the  light  of  these  shells  with 
electricity  in  the  following  manner: 

Experiment  xci.  He  placed  upon  a  ^letal 
stand,  which  was  rounded  at  top,  and  about  half 
an  inch  in  diameter,  a  prepared  shell  that  would 
exhibit  the  prismatic  colours  very  lively  on  the 
upper  surface  of  this  shell,  and  near  the  middle, 
where  the  colour^making  parts  predominated,  he 
brought  the  end  of  a  metal  rod,  and  then  con* 
nected  the  two  metals  properly  with  the  coatings 
of  a  charged  phial,  in  order  to  discharge  the  fluid. 
In  this  circuit  there  was  left  designedly  an  inters 
val  of  about  three  inches,  unoccupied  by  metal 
and  next  one  side  of  the  glass;  the  discharge  was 
made  by  .completing  the  circuit  with  metal  where 
the  interval  was. left.  The  shell  at  that  instant 
was  lighted  up  to  an  exceeding  great  advantage} 
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WO  that  all  the  colours  appeared  perfectly  distinct 
SLud  in  their  respective  places^  answering  to  their 
different  colour-making  parts.  These  colours 
continued  visible  several  nriinutes^  and,  when  they 
ceased  to  appear,  a  white  purplish  light  occupied 
their  places,  which  lasted  for  a  considerable  time. 
And,  notwithstanding  this  experiment  was  re- 
peated with  the  same  and  other  shells,  the  colours 
eontinued  in  their  respective  places,  and  nearly  of 
the  same  degree  of  brilliancy;  excepting,  that  in 
or  near  those  parts  where  the  explosion  took  place 
a  few  scales  were  driven  off. 

Experiment  xcii.  On  firing  spirit  of  v>mt 
hy  the  electric  spark.  Let  any  person  stand  on  the 
insulating  stool,  and  connect  himself  by  a  wire  or 
chain  withuhe  prime  conductor,  he  will  then 
exhibit  the  same  appearances  which  are  obtained 
from  the  conductor,  and  will  attract  light  bodies, 
give  the  spark,  &c.  and  thus  afford  a  pleasing 
mode  of  diversifying  every  experiment.  It  is  ab- 
-eolutely  necessary,  to  the  complete  success  of  this 
experiment,  that  no  part  of  the  cloatbs  touch  the 
Hoor,  table,  &c^  and  that  the  glass  feet  be  carefully 
dried:  a  sheet  of  dry  brown  paper  placed  under 
the  stool,  will  be  found  of  considerable  service,  by 
ircndcring  the  insulation  more  complete. 

If  the  insulated  person  lays  his  hand  on  the 
cloaths  of  one  that  is  not  so,  especially  if  they  are 
fvoolen,  they  will  both  feci  as  it,  were  many  pins 
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pricking  them^  as  long  a3  the  cylinder  is  in  mo- 
tion. 

Experiment  xciii.  To  fire  spirits  of  %vine  with 
the  electric  sparks  Heat  the  ladle^  I,  pL  ^^fig*  35, 
then  pour  a  small  quantity  of  spirits  of  wine  into 
it,  and  fix  it  by  its  handle  to  the  etid  of  the  prime 
conductor;  or  fire  the  spirits^  and  blcTw  them  out 
a  few  minutes  before  the  experiment  is  made;  take 
e  spark  through  the  middle  of  the  ladle  with  a 
brass  ball,  and  the  spirits  will  be  fired  by  it. 

Or,  let  a  person  standing  on  an  insulated  stool, 
and  connected  with  the  prime  conductor,  hold  the 
ladle  with  the  spirits  in  his  hand,  and  let  a  person 
on  the  floor  take  a  spark  through  them,  and  they 
will  be  fired.  The  experiment  answers  equally 
well,  if  the  person  on  the  floor  holds  the  ladle,  and 
the  insulated  person  takes  the  spark. 

Experiment  xciv.  The  foregoing  expert* 
ment  may  be  agreeably  diversified  in  the  following 
manner.  Let  one  electrified  person,  standing  on 
an  insulated  stool,  bold  the  spirits;  let  another 
person,  standing  also  on  an  insulated  stool,  hold 
in  his  hand  an  iron  poker,  one  end  of  which  is 
made  red  hot :  he  may  then  apply  the  hot  end  to 
the  spirits,  and  even  immerge  it  in  them,  without 
firing  them;  but,  if  he  put  one  foot  on  the  Ifloor^ 
He  may  set  the  spirits  on  fire  with  either  end. 

Experiment  xcv.  The  spirits  cannot  be 
kindled  by  an  insulated  person ;  because,  as  the 
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dectric  fltiid  cannot  escape  through  him  to  the 
earthy  be  id  ificapable  of  dnt^ing  a  spftrk  suffici* 
ently  strong  to  inflame  them^  and  hot  iron  \¥;ll 
seldom  or  never  set  spirits  on  fire. 


OP  INFLAMMABLB  AIR^  AND  THE  PISTOL  FOR 
FIRING  INFLAMMABLE  AIR  BY  THE  ELEC* 
TRIG  SPARC. 

A  species  of  air,  which  is  inflammable,  is  frc 
quently  generated  in  coal  mines:  the  air  also 
Emitted  by  stirring  the  mud  of  some  standing 
^'aters,  has  been  found  to  be  inflammable.  Pu* 
trescent  animal  matter  also  emits  this  fluid.  It 
may  be  obtained  by  distillation  from  wax,  pitchy 
amber,  coals,  and  other  phlogistic  substances. 
The  following  is  the  most  convenient  method  to 
procure  it:  put  some  small  nails  or  iron  filtngs  into 
the  glass  bottle,  r,  fl.  ^^fig.  38;  cover  these  with 
water,  then  add  to  this  a  little  oil  of  vitriol,  about 
one  quarter  of  the  quantity  there  is  of  water;  put 
the  ground  end  of  the  bent  tube  into  the  mouth 
of  the  botde,  and  pass  the  other  end  through  the 
water  of  the  bason,  T,  into  the  neck  of  the  bottle 
K,  which  is  filled  with  water,  and  inverted  in  the 
bason :  the  bottle,  K,  must  be  supported  during 
the  operation.  In  a  litde  time  the  mi^iture  will 
effervesce,  and  emit  a  fluid  which  will  pass 
through  the  bent  tube^  go  into  the  bottle,  K,  and 
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at  last  fill  it  totally^  expelling  the  water;  the 
bottle  is  then  to  be  removed^  and  corked  as  expe* 
ditiously  as. possible. 

Fig.  39  represents  a  brass  pistol  fi3r  inflammable 
air;  ab  is  the  chamber  of  brass^  to  the  mouth,  ac, 
of  which  a  cork  is  fitted;  a  perforated  piece  of 
brass,  g,  screws  on  to  the  bottom  of  this  chamber, 
(this  piece  is  represented  by  itself  in  Jig.  40;)  a 
glass  tube,  f,  is  cemented  into  the  perforation  of 
this  piece,  and  a  brass  wire  is  also  cemented  into 
the  glass  tube;  one  end  of  this  wire  is  furnished 
with  .a  ball,  ^tbe  pthcr  extremity  is  bent,  so  as  to 
come  within  about  a  teptb  of  ati  inch  of  the  brass 
piece.  Ftg.Al  is  a  brass  cap  which  screws  on  the 
pistol,  to  preserve  the  glass  tube  from  any  acci- 
dent. The  air  with  which  the  pistol  is  to  be 
charged  should  be  kept  in  a  corked  bottle:  take 
out  the  cork  and  apply  in  the  same  instdnt  the 
mouth  of  the  pistol  to  the  opening  of  the  bottle^ 
and  the  common  and  inflammable  air  will  mix 
together,  because  the  former  being  heavier  than 
the  latter  will  naturally  descend;  keep  the  pistol 
in  this  situation  about  fifteen  seconds,  then  re- 
move it,  and  cork  both  the  botde  and  pistol  with 
the  utmost  expedition. 

Jf  the  pjstol  is  held  too  long  over  the  bottle, 
and  is  entirely  filled  with  inflammable  air,  it  will 
not  explode. 
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MAKING  INFLAMMABLE  AIR^  AND  FILLING 
THE  AIR  PISTOL,  8CC. 

I  f  4 

This  apparatus  consists  of  the  following  articles: 

].  A  glass  funnel. 

a.  A  small  glass  tumbler^ 

5.  A  bladder  tied  to  a  stop-cock. 

4.  A  brass  pipe  passing  through  a  cork;  which 
eork  is  made  tapering,  to  fit  the  neck  of  a  com-*' 
mon  wine  bottle:  the  upper  part  of  the  pipe  has  a 
xnale  screw,  to  fit  the  screw  on  the  lower  end  of 
<che  stop-cock. 

5«  An  air. pistol,  furnished  with  a  valve  at  the 
end  ^,  ^g.  39;  the  wire  passing  through  a  glass 
tube,  and  to  which  the  spark  is  to  be  given,  is 
iitted  into  the  side  of  the  pistd.  At  the  end,  t, 
of  the  pistol  is  a  male  screw^  which  fits  the  lower 
end  of  the  stop-cock. 

6.  A  box  with  iron  filings. 

7.  A  small  measure  which  will  hold  the  proper 
quantity  of  iron  filings. 

8.  A  brass  tube  and  hollow  flyer;  the  lower 
end  ojf  the  brass  tube  fits  the  stop-cock. 

Soak  the  bladder  in  water  which  is  lukewarm^ 
in  order  to  soften  it;  and  then  render  it  pliable^ 
by  blowing  air  into  it  and  squeezing  it  out  agaifu 
After  this,  screw  the  conical  pipe  with  the  cork 
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into  the  lower  end  of  the  stop-cock,  and  it  i^ 
ready  for  use.  Then  take  a  cotnmon  quart  wine 
bottle^  and  put  into  it  a  little  hot  water  to  warm 
it.  Pour  as  much  oil  of  vitriol  into  the  tumbler 
as  will  about  half  fill  it,  and  mix  this  in  another 
tumbler  with  about  three  times  the  quantity  of 
oold  water.  Throw  the  warm  water  out  of  the 
bottle,  and  put  a  measure  of  iron  filings  into  it ; 
then  pour  out  the  diluted  vitriol  through  the  ^ass 
funnel  upon  the  iron  iilings.  As  soon  as  the  ef- 
fervescence begins,  put  the  cork  with  its  pipe  into 
^be  neck  of  the  bottle,  and  the  inflammable  atr 
which  is  generated  by  the  mixture  will  enter  into 
and  gradually  swell  the  bladder.  When  this  is 
full,  shut  the  stop-cock,  and  remove  the  bladder 
from  the  bottle. 

The  bladder  being  thus  filled,  screw  the  bottom 
of  the  piston  upon  the  stop-cock;  compress  ihi^ 
bladder,  and  introduce  by  this  means  about  as 
much  inflammable  air  as  you  judge  will  fill  one 
third  of  its  capacity,  and  put  the  cork  imrnedi^ 
ately  into  the  muzzle  of  the  pistol.  To  form  a 
circle  of  ifire  with  inflammable  air, 'fill  the  bladder 
as  before,  unscrew  the  conical  tube  from  the  stop^ 
cock,  and  screw  the  brass  fly  in  its  place^  open 
the  code,  and  compress  the  bladder;  the  air  will 
pass  through  the  fly,  and  set  it  in  motion :  light 
4^  air  at  the  end  of  the  pipe,  and  a  beautiful  cir- 
cle of  fiipe  will  be  formed  by  the  motion  of  the  bent 


tube,  and  the  fired  air  which  issaes  from  its  points. 
The  pistol  is  fired  as  in  Experiment  6g. 

If  too  great  a  quantity  of  inflammable  air  is  in** 
traduced  into  the  pistol,  it  will  not  explode:  to 
remedy  this,  blow  strongly  into  the  muzzle  of  the 
pistol;  this  will  force  out  a  quantity  of  the  in* 
flammable  air^  and  occasion  a  quantity  of  com- 
mon air  to  enter  the  pistol,  which  will  then  rea'« 
(lily  explode. 

The  bottle  should  be  taken  into  the  open  air  and 
be  well  washed,  as  soon  as  the  bladder  is  filled. 

ExPBRiMSNT  xcvi.  To  firc  n^ammahle  air. 
Bring  the  ball  of  die  pistol  which  is  charged  with 
inflammable  air  near  the  prime  conductor,  or  the 
knob  of  a  charged  jar;  t(ie  spark  which  passes  be-^* 
tween  the  end  of  the  wire,  f^  and  the  piece,  g^ 
Jig.  40,  wiH  fire  the  inflammable  air,  and  drive 
the  cork  to  a  considerable  distance.  This  air, 
like  all  other,  requires  the  presence  either  of  c6m« 
DQon  air,  or  else  of  vital  air,  to  enable  it  to  bumi 
but,  if  it  is  mixed  with  a  certain  quantity  of  com- 
mon air,  an  explosion  will  take  place  in  passing 
the  electric  spark  through  it. 

Mr.  Cavallo  recommends  a  pistol  made  in  the 
following  manner,  to  those  who  wish  to  make 
experiments  on  the  explosion  of  inflammable  and 
dephlogisticated  air,  or  with  known  quantities  of 
common  and  inflammable  airs.  It  consists  of  a 
brass  tube,  about  one  inch  in  diameter  and  six 
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inches  long,  to  one  extremity  of  which  a  perfb^ 
rated  piece  of  wood  is  securely  fitted;  a  brass 
wire,  about  tour  inches  lon^,  is  covered,  except 
its  ends,  first  with  sealing-wax^  then  with  silk,  and 
afterwards  with  sealing-wax  again.  This  wire  is 
to  be  cemented  in  the  perforation  of  the  wooden 
piece,  so  as  to  project  about  two  inches  within 
the  tube,  the  rest  is  on  the  outside;  that  part  of 
the  wire  which  is  within  is  bent,  so  as  to  be  only 
about  the  tenth  of  an  inch  from  the  inside  of  the 
brass  tube.* 

To  use  this  pistol^  fill  it  with,  and  then  invert 
it  into  a  bason  of  water;  make  the  required 
quantity  of  inflammable  and  common  air  in  ano- 
ther vessel,  by  putting  in  known  and  proportiona- 
ble measures  of  each;  introduce  this  mixture  into 
the  pistol,  and  then  stop  it  with  a  cork;  take  the 
pistol  out  of  the  water,  and  pass  in  the  usual  man- 
ner the  spark  of  a  charged  jar  through  it^  and  thQ 
inflammable  air  will  be  fired. 

The  instruments  for  firing  the  inflammable  air 
with  the  electric  spark,  are  often  made  in  the: 
shape  of  a  cannon,  flafe  4,  ^g.  73. 

■ 

*  Cofvalk  on  Air^  p.  8 IS. 
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CHAP.    IX. 


OF  ELECT&IFtSD   ^OIXTS* 


fi^pfeRiMEXT    iccvit.     Dissipation   of  electricity 

hy  a  point. 

Pas  SENT  the  pointed  end  of  a  wire  towards  a 
conductor  which  is  positively  electrified^  a  lucid 
globular  point  or  star  will  appear  on  the  pointy 
and  the  electric  fluid  will  be  evidently  conveyed 
away  and  dissipated  from  the  conductor. 

ExPEBiMEKT  xcviii,   Brush  of  electric  light. 
Present  a  pointed  wire  towards  a  conductor  that 
is  electrified  negatively;  a  lucid  cone  or  brush- 
will  be  seen  diverging  from  the  pointy  and  the 
quantity  of  fire  will  be  increased. 

ExPERiiCBNT  xcix.  Star  of  electric  light. 
The  lucid  star  is  seen  on  the  collecting  points  of 
a  positive  conductor,  while  a  diverging  cone  will 
appear  on  a  point  placed  at  the  end  of  the  con- 
ductor. 

To  determine  the  direction  of  the  electric  fluid, 
has  ever  been  an  object  pf  considerable  importance 
to  the  electrician;  as  it  would  enable  him  to  dcr 
eide  on  the  truth  of  those  theories,  which  have 
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been  invented  to  account  for  its  phenomena,  and 
greatly  assist  him  in  the  progress  of  future  disco- 
very: to  this  end,  much  stress  has  been  laid  on 
the  different  appearance  of  the  light  which  is 
perceived  on  the  pointed  ends  of  electrified  con- 
ducting substances;  as  these  have  been  supposed 
to  elucidate  fully  this  interesting  question. 

The  electric  fluid  appears  as  a  diverging  stream 
darting  forwards  into  the  air^  from  a  point  electri- 
fied positively.  The  luminous  appearance  on  a 
point  negatively  electrified,  is  that  of  a  small  little 
globule  or  star. 

Now,  as  the  air  is  known  to  resist  the  motion 
of  the  electric  fluid,  the  rays  of  it  would  by  this 
resistance  be  made  to  diverge;  therefore,  when 
this  fluid  is  darting  from  a  point -into  the  air,  it 
will  assume  the  form  of  a  lucid  cone  or  brush. 

To  this  it  has  been  objected,  that  these  ray» 

m 

may  possibly  be  converging  from  so  many  points 
in  the  air  towards  the  point,  and  not  diverging 
from  it;  but,  as  there  does  not  appear  any  reason 
why  a  visible  ray  should  break  out  fix>m  one  place 
in  the  atmosphere  more  than  another,  the  former 
account  seems  more  conformable  to  nature,  and 
the  known  laws  of  other  fluids.  The  air  resists 
the  motion  of  the  electric  fluid  equally.  There- 
fore, when  this  fluid  is  coming  from  the  air  to- 
wards a  pointed  conductor,  it  would  percolate 
slowly  and  invisibly  through  the  air,  but  equally 
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on  all  sides^  till  it  comes  so  near  as  to  be  able  to 
break  through  the  intennediate  space;  but,  as 
this  will  be  equal  or  nearly  so  all  around,  the 
negative  electricity  must  appear  like  a  steady  lu- 
minous globule  on  the  point.*  Notwithstanding 
the  apparent  probability  of  the  above  reasoning, 
it  may  still  be  objected,  that  no  decisive  conclu- 
sion can  be  drawn  from  these  appearances,  as  they 
may  be  varied  by  augmenting  or  diminishing  the 
volume  of  the*  pointed  body,  and  by  a  variety  of 
other  circumstances. 

Experiment  c.  .A  lucid  cone  appears  on 
the  collector  of  a  negative  conductor,  and  a  lucid 
«tar  on  a  point  placed  on  the  opposite  end  of  tho 
conductor. 

Experiment  ci.  Bring  an  excited  glass  lube 
near  a  point  that  is  fixed  at  the  end  of  a  positively 
electrified  conductor,  and  the  luminous  brush 
will  be  turned  out  of  its  direction  by  the  action  of 
the  excited  tube;  if  the  tube  is  held  directly  oppo- 
site to  the  point:,  the  brush  will  vanish. 

Experiment  cii.  Fix  the  point  to  the  end 
of  the  negative  conductor,  the  lucid  star  will  turn 
towards  the  excited  tube. 

Experiment,  cm.  jicllbn  uf  flame.  Put  a 
wire,  which  has  a  ball  at  one  end,  into  the  hole 
at  the  end  of  a  positive  conductor,  place  a  lighted 

*  Encyclopaedia  Britannicay  p.  2<x)p. 
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candle  so  that  the  middle  of  the  flame  maybe 
even  with  the'  middle  of  the  ball,  and  about  an 
inch  from  it;  turn  the  machine,  and  place  the 
same  wire  at  the  end  of  the  negative  conductor, 
the  appearance  will  be  reversed,  and  the  knob  will 
soon  be  heated  by  the  flame  of  the  candle  which 
is  carried  towards  it. 

Experiment  civ.  Electric  fly.  Fix  a  pointed 
wire  in  the  hole  on  the  upper  side  of  the  conductor, 
then  place  the  center  of  the  brass  cross,  K,  flate  3, 
fig.  34,  upon  the  point,  the  ends  of  which  cross 
are  all  bent  one  way;  electrify  the  conductor,  and 
the  cross  will  turn  upon  its  center  with  great  ra- 
pidity. If  the  room  bp  darkened,  a  circle  of  light 
will  be  formed  by  the  electric  fluid  on  the  points 
of  the  wires.  The  re-action  of  the  air  on  the  di- 
verging cone  of  electric  matter  gives  the  retro- 
grade motion  to  the  points  of  the  wire. 

The  fly  turns  round  in  the  same  direction, 
whether  it  is  electrified  negatively  or  positively; 
though  it  will  not  move  in  vacuo,  unless  the  fin- 
ger, pr  some  other  conductor,  is  applied  to  the 
glass  receiver  opposite  to  one  of  the  points,  it  will 
then  begin  to  move,  and  continue  to  do  so  briskly 
till  the  glass  is  charged. 

Experiment  cv.  Electrify  the  two  insulated 
wires,  MN,  oP,  jtf^.  35,  and  the  resistance  of 
the  air  against  the  electric  stream  from  the  point 
of  the  fly,  L,  the  axis  of  which  rolls  on  the  wires, 
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nrill  force  the  fly  up  the  declivity  of  the  inclined 
plane,  M  N,  o  P. 

Experiment  cvi.  Fig.  36  represents  a  small 
crane,  which  will  move  from  the  same  cause  as  the 
feregotng,  and  raise  a  small  weight.   . 

Experiment  cvii.  Several  flyers  may  be 
made  to  turn  at  the  same  time,  see  ^j*.  37,  and 
many  other  pleasing  experiments  may  be  con- 
trived on  the  same  principle;  or  the  flyers  may 
be  placed  one  above  another,  Kiiminishing  gradu- 
ally in  size^  and  forming,  when  electrified,  a  lu- 
minous cone;  the  circles  of  light  will  be  more 
brilliant,  if  the  ends  of  the  wires  are  covered  with 
a  thin  coating  of  grease,  sealing- wax,  or  sulphur. 

Experiment  cviii.  Spark  from  a  fo'mt  m- 
mersed  in  oH.  Immerge  a  metallic  point  in  a 
metal  vessel  nearly  filled  with  oil  of  vitriol,  and 
placed'  on  an  electrified  conductor,  scarce  any 
spark  will  pass  to  the  point,  although  k  is  held 
very  near  the  bottom  of  the  vessel.  If  this  is 
filled  with  essential  oil  of  turpentine,  a  small  light 
may  be  seen  from  time  to  time  in  the  body  of  the 
fluid.  If  common  oil  is  used,  the  point  wilr  take 
strong  sparks,  and  the  electric  fluid,  in  endea- 
vouring to  reach  it,  will  occasion  an  ebullition  in 
the  oil. 

So  that  the  electric  sparl^  depends  in  a  great 
measure  on  the  conducting  power  of  the  medium 
through  which  it  passes. 


.  I 
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ELECTRIC  BOATS. 

If  small  boats  or  little  swans,  &c.  are  made  of 
cork  or  light  wood,  they  may  be  attracted  and 
made  to  swim  in  any  direction,  by  applying  a 
finger  towards  them:  a  fine  needle  stuck  into  the 
end  of  the  boats,  in  the  manner  of  a  bowsprit, 
will  cause  them  to  be  repelled  from  the  hand  held 
over  It,  and  they  may  be  steered  by  it,  &tem  fore- 
most^ to  what  point  of  the  compass  you  please. 
The  boats  might  have  the  addition  of  sails  to 
them,  and  might  then  be  made  to  move  briskly 
before  an  electrical  gale,  from  the  point  of  a  wire 
held  in  the  hand. 

The  operator  in  these  tricks  would,  certainly  be 
looked  upon  as  a  magician,  if  the  electrical  ma- 
chine be  kept  out  of  sight.  But  a  more  striking 
appearance  would  be  a  number  of  these  boats, 
with  each  of  them  a  twirling  fly  about  an  inch  in 
length  fiKcd  to  the  top  of  the  mast;  the  hand 
held  over  them  would  set  them  all  in  motion:  in 
the  dark,  they  would  appear  as  so  many  rings  oF 
fire,  moving  in  various  courses,  and  follovring  the 
hand  in  any  direction. 

When  a  few  young  persons  have  nothing  else 
to  do,  they  might  very  innocently  amuse  them- 
selves, by  making  a  representation  of  a  kind  of 
Bca-engagemcnt  between  these  boats,     Supposinj^ 
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tsich  of  them  large  enough  to  bold  a  small  coated 
phial  without  sinking,  these  phials  may  be  charged^ 
some  of  them  positively  on  the  inside^  others  ne- 
gatively; they  may  then  be  placed  at  the  bow  of 
the  boat,  with  the  wire,  ball,  and  uncoated  part  of 
the  phial   projecting  over;    a  small  brass  chain 
should  be  made  to  touch  the  outward  coating  of 
the  phial,  and  the  other  end  brought  over  the 
stern  of  the  boat,  and  hung  so  as  to  touch  the 
water.     The  boats  being  then  put  into  a  trough 
of  water,   and  pretty  highly  charged,  they  will- 
soon  be  in  motion;  those  that  are  electrified  alike 
will  repel  each  other^  and  those  po.^sessed  of  a 
contrary  electricity  will  be  attracted,  till  the  balls 
of  the  two  phials  approach  pretty  near  together; 
they  will  then  discharge  their  contents  with  a 
loud  explosion,  and  the  boats  will  afterwards  sliecr 
fix)m  eaph  other.* 

When  the  electric  fluid  percolates  a  wooden 
point,  the  stream  or  cone  which  issues  from  it 
seems  diluted  and  something  similar  to  the  purple 
electric  light  which  is  obtained  in  vacuo.  The 
action  of  the  electric  fluid  on  the  air,  by  an  elec- 
trified point,  produces  a  sensible  aura  or  wind  of 
sufficient  force^  as  is  seen  above,  to  pat  light 
bodies  in  motion,  or  disturb  the  flame  of  a  candle^ 
and  occasion  an  uadulation  in  the  fluids.    .The. 

*  Bet;ket's  Essay;  on  Electricity,  p.  3^.        ^ 
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^tion  of  the  fluid  is  so  modified  by  pcnnts,  as  to 
produce  an  agreeable  sensation,  resembling  a 
gentle  breathing;  this  sensation  may  be  rendered 
more  or  less  stimulatifig,  by  the  .resistance  the 
fluid  meets  with  in  its  action  on  our  bodies,  an 
effect  which  is  productive  of  great  adraatages  in 
medical  electricity* 


MB.  NICHOLSON,  ITPON  THB  LUMINOUS  AP* 
PBARANCES  OF  ELECTRICITY,  AND  THE 
ACTION    op    POINTS, 

He  observes,  that  the  escape  of  negative  elec* 
tricity  from  the  ball  is  attended  with  the  appear-* 
ance  of  straight  sharp  sparks,  with  a  hoarse  or 
chirping  noise.  When  the  ball  was  less  than  two 
inches  in  diameter,  it  was  usually  covered. with 
short  flames  of  this  kind,  which  were  vtry  nu- 
merous. 

When  two  equal  balls  were  presented  to  each 
other,  and  one  of  them  was  rendered  strongly 
positive,  while  the  other  remained  in  connexion 
with  the  earth,  the  positive  brush  or  ramified 
spark  was  seen  to  pass  from  the  electrified  balU 
when  the  other  ball  was  electrified  negatively, 
and  the  ball,  which  before  had  been  positive,  was 
connected  with  the  ground,  the  electricity  (pass* 
ing  the  same  way,  according  to  Franklin)  exhi- 
bited the  negative  flame,  or  dense,  straight,  and 
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more  luminous  sparky  from  the  negative  ball;  and 
when  the  one  ball  was  electrified  plus^  and  the 
other  ntinus^  the  signs  of  both  electricities  ap- 
peared. If  the  interval  was  not  too  great,  the 
long  zig-zag  spark  of  the  j^lus  ball  struck  to  the 
Btraight  flame  of  the  minus  ball,  usually  at  the 
distance  of  about  one-third  of  the  length  of  the 
latter  from  its  point,  rendering  the  other  two- 
thirds  very,  bright.  Sometimes,  however,  the 
positive  spark  struck  the  ball  at  a  distance  from 
the  negative  flame.  These  eflbcts  are  repre- 
sented in  phte  1,  fig.  1,  2,  3. 

Two  conductors  of  three-quarters  of  an  inch 
diameter,  with  spherical  ends  of  the  same  diame* 
ter,  were  laid  parallel  to  each  other  at  the  distance 
of  about  two  inches,  in  such  a  manner  as  that  the 
ends  pointed  in  opposite  directions,  and  were  six 
or  eight  inches  asunder.  These,  which  may  be 
distinguished  by  the  letters  P  and  M,  were  suc-*^ 
cessively  electrified  as  the  balls  were  in  the  last 
paragraph.  When  one  conductor,  P,  was  posi- 
tive. Jig.  5,  it  exhibited  the  spark  of  that  electri- 
city at  its  extremity,  and  struck  the  side  of  the 
other  conductor,  M.  When  the.  last-mentioned 
conductor,  M,  was  electrified  negatively.  Jig.  4, 
the  former  being  in  its  turn  connected  with  the 
earth,  the  sparks  ceased  to  strike  as  before,  and 
the  extremity  of  the  electrified  conductor,  M, 
exhibited  negative  signs,  and  struck  the  side  of 
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the  other  conductor.  And,  when  one  conductor 
was  electrified  plus^  and  the  other  minusy  fig.  6, 
both  signs  appeared  at  the  same  time,  and  conti* 
nual  streams  of  electricity  passed  between  the 
extremities  of  each  conductor  to  the  side  of  the 
/  other  conductor  opposed  to  it.  In  each  of  these 
three  cases,  the  current  of  electricity,  on  the  hy- 
pothesis of  a  single  fluid,  passed  the  same  way. 

In  drawing  the  long  spark  from  a  ball  of  four 
inches  diameter,  it  was  found  of  some  conse- 
quence that  the  stem  should  not  be  too  short, 
because  the  vicinity  of  the  large  prime  conductor 
altered  the  disposition  of  the  electricity  to  escape; 
a  set  of  experiments  were  therefore  made,  the 
result  of  which  shewed,  that  the  disposHion  of 
balls  to  receive  or  emit  electricity  is  greatest  when 
they  stand  remote  from  other  surfaces  in  the  same 
state;  and  that  between  this  greatest  disposition 
in  any  ball,  whatever  may  be  its  diameter,  every 
possible  less  degree  may  be  obtained  by  withdrawr* 
ing  the  ball  towards  the  broader  or  less  convex 
surface,  out  of  which  its  stem  projects,  until  at 
length  the  ball,  being  wholly  depressed  beneath 
that  surface,  loses  the  disposition  entirely*  From 
th^e  experiments  it  follows,  that  a  variety  of  balls 
is  unnecessary  in  electricity;  because  any  small 
ball,  if  near  the  prime  conductor,  will  be  cquxva-r 
lent  to  a  larger  ball  whose  stem  is  longer. 
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Pfbm  comparing  some  experiments,'  made  by 
himself  many  years  ago,  with  the  present  set,  he 
considered  a  point  as  a  ball  of  an  indefinitely 
small  diameter,  and  constructed  an  instrument 
consisting  of  a. brass  ball  of  six  inches  diameter, 
through  the  axis  of  which  a  stem,  carrying  a  fine 
point,  was  screwed.  When  this  stem  is  fixed  in 
the  prime  conductor,  if  the  ball  be  moved  on  its 
axis  in  cither  direction,  it  causes  the  fine  point 
cither  to  protrude  through  a  small  hole  Jn  its  ex- 
ternal surface,  or  to  withdraw  it^self;  because  by 
this  means  the  ball  runs  along  the  stem.  The 
disposition  of  the  point  to  transmit  electricity  may 
thus  be  made  equal  to  that  of  any  ball  whatsoever; 
from  the  minutest  size  to  the  diameter  of  sik 
inches.    Sccj^.  7,  A. 

The  action  of  pointed  bodies  has  been  a  subject 
of  discussion  ever  since  it  was  first  discovered, 
and  is  not  yet  well  explained^  To  those  who 
ascribe  this  effect  to  the  figure  of  electric  atmos- 
pheres, and  their  disposition  to  fly  oflF,  it  may  be 
answered,  that  they  ought  first  to  prove  their 
existence,  and  then  shew  why  the  cause  which 
accumulated  them  does  not  prevent  their  escape; 
not  to  mention  the  difficulty  of  explaining  the 
nature  of  negative  atmospheres.  If  these  be  sup^ 
posed  to  consist  of  electrified  air,  it  will  not  be 
easy  to  shew  why  a  current  of  air  passiiig  near  a 
prime   conductor   does   not    destroy  its  efi^cts. 
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The  opinion  supported  by  the  celebrated  Folfa 
and  others^  that  the  point  is  the  coating  to  an  in- 
finitely small  plate  of  air^  does  not  appear  better 
founded;  for,  such  a  plate  must  be  broken  through 
at  a  greater  distance,  only  because  higher  charged) 
whence  it  would  follow,  that  points  should  not 
act  but  at  high  intensities.  As  a  proof  that  the 
charge  has  little  to  do  here,  if  a  ball  be  presented 
to  the  .prime  conductor  at  the  same  time  that  a 
point  proceeds  from  the  opposite  side  of  the  balf^ 
the  electricity  will  pass  by  the  point,  though  it  ia 
obliged  to  go  round  the  ball  for  that  purpose;  but 
it  can  hardly  be  doubted,  that  whatever  chaige 
obtains  in  this  case  is  on  the  surface  of  the  ball 
next  the  conductor,  and  not  on  the  remote  side  to 
which  the  electricity  directs  its  course. 

AcharSs  experiments  with  a  number  of  pointed 
cones,  screwed  in  a  'plate  of  metal,  and  likewise 
ihe  pointed  apparatus  before  described,  shew  that 
the  effect  of  points  depends  on  the  remoteness  of 
their  extremities  from  the  other  parts  of  the  coo- 
ducton    This  leads  to  the  following  general  law's 

In  anf  electrified  ctmducior^  the  transition  or  es^ 
eape  of  electricity  will  be  made  chiefly  from  that  pari 
of  the  surface  which  is  the  most  remote  from  the  na- 
iural  state. 

Thus,  in  the  apparatus  of  the  ball  and  stem, 
the  point,  having  a  communication  with  the  rest 
of  the  whole  conductor,  constantly  possesses  the 
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same  intensity;  but  the  influence  of  the  sur- 
rounding surface  of  the  ball  diminishes  its  capa-^ 
city.  This  diminution  is  less  the  farther  the  ball 
is  withdrawn,  and  consequently  the  point  will 
really  possess  more  electricity,  and  be  more  dis« 
posed  to  give  it  out  when  it  is  prominent  than 
when  depressed.  The  same  explanation  $erve8 
for  negative  electricity. 

The  effect  of  a  positive  surface  appears  to  ex- 
tend further  than  that  of  a  negative;  for,  the 
point  acts  like  a  ball  when  considerably  more  pro- 
minent if  it  be  positive,  than  it  will  if  negative. 
This  property  was  used  some  years  ago.  for  the 
construction  of  an  instrument  to  distinguish  the 
two  electricities.* 

For  the  sake  of  conciseness  many  facts  are 
passed  over,  which  have  presented  themselves  in 
the  course  of  the  experiments  on  the  two  electri- 
cities ;  there  is,  however,  scarcely  any  experiment 
made  with  the  positive  power,  which  will  not 
afford  a  result  worthy  of  notice,  if  repeated  with 
the  negative. 

When  we  consider,  that  our  machines  can 
cause  a  ball  of  an  inch  and  half  diameter  to  act 
Kke  a  point,  and  that  our  apparatus  makes  a  point 
apt  like  a  ball ;  if,  at  the  same  time,  we  remark 
the  small  elevation  of  our  conductors  for  lightning 


*  iDtroduction  to  Natiiral  Philosophy,  vol.  ii.  p.  3^« 


222  NICHOLSON  ON  THEj   &CC. 

above  the  extended  surface  of  the  ground,  anJ 
the  small  -^ize.  ^f  the  balls  proposed  by  some  to  bo 
used  as  terminations;  the  dispute,  which  was  so 
much  agitated '  respecting  them,  will  perhaps  be 
found  to  relate  to  a  very  minute  circumstance, 
among  the  many  which  govern  the  great  opera- 
tions of  nature.  It  docs  not  seem  probable  that 
any  conductor  would  act  silently  if  the  main 
course  of  the  electricity  of  a  negative  cloud  were 
to  pass  through  it,  and  many  would  probably  re- 
ceive the  stroke  from  a  positive  cloud.  It  does 
not,  however,  follow  from  this,  that  they  might 
Dot  conduct  it  with  safety.* 

*  Mr.  Niirholsm,  in  his  valuable  Journal  of  Natural  Philo- 
iophy,  vol.  ii.  p.  438,  has  the  following  remarks,  which  I 
think  proper  to  be  inserted  here. 

"  The  phenomena .  of  the  two  electricities  called  flus  and 
minus,  are  singularly  distinct  in  almost  every  experiment  which 
can  be  made  with  the  exhibition  of  electric  light.  Paper  is  a 
good  substance  for  observing  the  visible  passage  oi  electricity. 
If  a  strong  plus  electric  stream  be  let  fall  on  the  fiat  side  of  an 
uninsulated  sheet  of  paper,  it  forms  a  beautiful  star  about  four 
inches  in  diameter,  consisting  of  very  distinct  radii  not  ramified^ 
The  minus  electricity,  In  circumstances  perfectly  similar,  throws 
jnany  pointed  brushes  to  the  paper,  but  forms  no  star  upon  it. 
In  this  experiment,  I  used  a  machine  with  a  cylinder  of  seren 
inches  diameter. 

*'  Hen<:ie  it  seems  to  follow,  that  a  hollow  ball  of  paper,  or 
a  glass  globe  covered  with  paper,  might  form  an  amusing  part 
oi  the  electrical  apparatus  for  experiments  in  the  dark.***  P^dit. 
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CHAP.    X. 


OP  THE  LEYDEN  PHIAL^  OR  JAR. 

Thb  experiments  upon  the  Leyden  jar  are  soma 
of  the  most  interesting  in  electricity;  they  excited 
the  attention  of  the  philosopher  to  this  subject 
more  than*  any  other  experiment,  and  are  stiU 
viewed  with  wonder  and  surprize 

Experiment  cix.  Charging  and  Jischatgir^ 
in  general  the  Leyden  jar.  Place  the  brass  ball  of 
a  coated  jar  in  contact  with  the  prime  conductor, 
while  the  outside  communicates  with  the  table;'  ' 
turn  the  cylinder,  and  the  jar  will  in  a  little 
time  be  charged,  or  modify  the  electric  fluid  in  a 
peculiar  manner.  To  discharge  the  jar,  or  re- 
store it  to  its  natural  state,  bring  one  end,  or  one 
of  the  balls  of  the  discharging  rods,  plate  1 9  Jig. 
I  and  2,  in  contact  with  the  outside  coating,  and 
let  the  other  be  brought  near  the  knob  of  the  jar 
which  communicates  with  the  inside  coating;  a 
strong  explosion  will  take  place,  the  electric  light 
will  be  visible,  the  report  very  loud,  and  no  effect 
made  on  the  operator. 

Experiment  ex.  The  electric  shock.     CBarge 
the  Leyden  jar,  then  touct^  the  outside  coating 
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with  one  hand^  and  the  knob  with  the  other,  tife; 
jar  will  be  discharged^  and  a  suddcti  peduiiar  sen- 
sation will  be  perceived,  that  is  called  the  electric 
shock. 

The  shock,  when  it  is  takett  in  this  manner^ 
'generally  affects  the  wrists,  elbows,  and  breast: 
when  the  shock  is 'strong,  it  resembles  an  uni- 
versal blow.  This  peculiar  sensation  is  probably 
owing  to  the  two-fold  and  instantaneous  action  of 
the  electric  fluid,  which  enters  and  goes  out  of 
the  body,  and  the  various  parts  through  which  it 
passes^  at  one  and  the  same  instant.  It  has  been 
also  observed,  that  nature  has  appointed  a  certain 
modification  of  the  electric  fluid  in  all  terrestrial 
bodies,  which  we  violate  in  our  experiments; 
when  this  violation  is  small,  the  powers  of  nature 
operate  in  a  gentle  manner  to  rectify  the  disorder 
we  have  introduced;  but,  when  the  deviation  is 
considerable,  the  natural^  powers  restore  the  ori- 
ginal constitution  with  extreme  violence. 

If  several  persons  join  hands,  and  the  firrt 
touches  the  outside  of  a  charged  jar,  and  the  last 
the  knob,  the  jar  will  be  discharged,  and  they  will 
all  feel  the  shock  at  the  same  instant:  but,  the 
greater  the  number  of  persons  that  join  hands  ta 
take  a  shock,  the  weaker  it  is. 

The  force  of  the  shock  is  in  proportion  to  the 
quantity  of  coated  surfaces,  the  thinness  of  tb« 
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glass,  and  the  power  of  the  machine;  or,  the  effect 
o(  the  Leyden  jar  is  increased,  in  proportion  as 
we  destroy  the  equilibrium  on  the  surfaces. 

A  given  quantity  of  electricity,  impelled  through 
our  body  with  a  given  force,  produces  a  weaker 
sensation  than  twice  that  quantity  impelled  with 
half  that  force;  and,  consequently,  the  strength  of 
the  shock  depends  rather  more  on  the  quantity  of 
fluid  which  passes  through  our  body,  than  on  the 
force  with  which  it  is  impelled.  Yet,  the  force  of 
an  explosion  seems  to  depend  more  on  the  degree 
to  which  the  fluid  is  compressed  than  on  the 
qi^antity;  hence  a  small  phial  fully  charged  will 
act  nearly  as  strong  as  a  large  jar  which  is  half 
charged. 

If  a  charged  jar  is  coated  very  high,  it  will  dis- 
charge itself  before  it  has  received  near  the  charge 
it  would  take  if  the  Coating  was  lower.  If  it  .is 
coated  very  low,  this  part  of  the  surface  may  be 
charged  very  high,  but  a  considerable  part  of  the 
glass  is  not  charged  at  all* 

When  a  jar  is  charged  very  high,  it  will  often 
explode  or  discharge  itself  over  the  glass  from  one 
coated  surface  to  the  other;  or,  if  the  glass  is 
thin,  it  will  make  a  hole  through  it,  and  swell  the 
coating  on  both  sides,  the  glass  in  the  hole  will  be 
pulverized,  and  very  often  a  variety  of  fissures  will 
proceed  from  it  in  various  directions. 
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A  Lcydffn  jar  very  often  recovers  its  electridtj, 
in  a  small  degree,  after  a  discbarge  has  beea  made: 
this  second  explosion  is  called  the  residuum  of  s 
charge. 

The  form  or  size  of  the  glass  is  no  ways  mate* 
rial  to  the  receiving  of  a  charge. 

To  avoid  receiving  the  electric  shock,  be  care- 
ful never  to  touch  the  top  and  bottom  of  the  jar  at 
the  same  time,  and  never  to  enter  a  circuit  formed 
between  the  inside  and  outside  of  a  jar;  for,  the 
effect  of  a  Ley  den  jar  depends  entirely  on  the 
reciprocal  action  of  the  two  surfaces,  and  docs  not 
take  place  when  either  is  touched  separately.  By 
attending  to  this  observation,  jars  of  any  size  may 
be  handled  with  safety.  Indeed,  the  human  frame 
makes  so  little  resistance  to  the  fi'ee  passage  of  this 
subtile  agent,  that  no  other  inconvenience  will 
attend  a  shock  from  a  common-sized  charged  jar, 
than  a  transient  disagreeable  sensation. 

Touch  the  knob  of  a  charged  jar,  no  shock  will 
ensue;  but  the  finger,  or  part  that  touches  the 
ball  of  the  jar,  will  be  affected  with  a  sharp  sen- 
sation, as  if  it  had  been  pricked  with  a  needle. 
The  discharge  is  silent  and  without  any  explosion, 
when  the  communication  between  the  two  side? 
of  the  jar  is  made  by  imperfect  conductors. 

A  charged  phial  set  upon  electric  substances, 
may  be  taken  hold  of  without  danger,  either  by 
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the  coating  or  tbe  wire;  a  small  spark  only  will 
proceed  from  either. 

Alagic  future.  The  magic  picture  is  a  coated 
^ane  of  glas3,  proper  to  answer  the  purpose  of  the 
XfCyden  experimeat;  over  the,  coating  on  one  side 
is  pasted  a  picture^  on  tbe  other  side  a  piece  of 
white  paper  is  pasted^  so  as  to  cover  the  whole 
glass;  It  is  then  pat  into  a  frame,  with  the  picture 
uppermost^  and  a  communication  is  formed  from 
the  tia-foil  of  the  under  side  to  the  bottom  rail  of 
the  frame  of  the  picture^  which  rail  is  covered 
with  tiu-foil. 

Lay  the  picture  on  tbe  table^  with  the  print 
uppermost,  and  a.  piece  of  money  on  it;  let  a 
chain  faU  from  tbe  conductor  to  tbe  print,  turn 
the  cyllader,  and  tbe  plate  of  glass  will  soon  be 
charged ;  now  take  bold  of  tbe  picture  by  the  top 
rail^  and  let  another  person  take  bold  of  the  bot- 
tom rail,  and  endeavour  to  take  off  the  piece  of 
money;  in  doing  this  he  will  receive  a  shock, 
and  generally  fail  in  tbe  attempt. 

DR.  franklin's  theory  OP  THE  LEYDEN  JAR. 

Glass  is  supposed  to  contain  at  alt  times,  on  its 
two  surfaces,  a  large  quantity  of  the  electric  fluid, 
which  is  so  disposed,  that,  if  you  increase  tbe 
^oaotity  on  one  side,  tbe  other  must  throw  off  an 
equal  proportioti ;  or,  when  one  side  is  positive, 

p  2 
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the  Other  must  be  negative.     Now,  as  no  more  of 
the  electric  fluid  can  be  forced  on  one  side^  than 
can  go  off  on  the  other,  there  is  no  more  in  the 
jar,  after  it  is  charged,  than  was'  there  before; 
the  quantity  is  neither  increased  or  lessened  on 
the  whole,  though  a  change  may  be  made  in  its 
place  and  situation;  i.  e.  we  may  throw  an  addi- 
tional quantity  on  one  of  its  sides,  if  at  the  same 
time  an  equal  quantity  can  escape  from  the  other, 
and  not  otherwise.     This  change  is  effected  by 
lining  parts  of  its  two  surfaces  with  a  non-electric; 
through  the  mediation  of  which,  we  are  enabled 
to  convey  the  electric  fire  to  every  physical  point 
of  the  surface  we  propose   to  charge,  where  it 
exerts  its  activity  in  repelling  the  electric  parti- 
cles naturally  belonging  to  the  other  side;  all  of 
which  have  an  opportunity  of  escaping  by  the 
lining  in  contact  with  this  surface,  which  for  that 
purpose  must  communicate  with  the  earth :  when 
the  whole  quantity  belonging  to  this  surface  has 
been   discltergcd,    in   consequence  of  an   equal 
quantity  thrown  upon  the  other  surface,  the  jar  is 
charged  as  much  as  it  can  possibly  be.     The  two 
surfaces  are  at  this  time  in  a  state  of  violence;  the 
inner,  or  positive  side,  strongly  disposed  to  part 
with  its  additional  fire,  and  the  outer,  or  negative 
side,  equally  desirous  to  attract  what  it  has  lost; 
but  neither  of  them  capable  of  having  a  change  in 
its  state  effected,  without  the  equal  and  cotempo- 
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rary  participation  of  the  other.  Notwithstanding 
the  vicinity  of  these  two  surfaces,  and  the  strong 
disposition  of  the  electric  fluid  contained  in  one 
of  them  to  communicate  its  superabundance  to 
the  other,  and  of  that  to  receive  it,  yet  there  is  an 
impenetrable  barrier  between  them ;  for,  so  imper- 
meable is  glass  to  the  electric  fluid,  though  it 
permits  one  side  of  it  to  act  upbn  the  other,  that 
its  two  surfaces  remain  in  this  state  of  contrariety, 
till  a  communication  is  formed  between  them  ah 
extrUy  by  a  proper  conductor,  when  the  equili- 
brium is  suddenly  and  violently  restored,  and  the 
electric  fluid  recovers  its  original  state  of  equality 
on  the  two  sides  of  the  glass. 


THE  LEYDEN  JAR  CONSIDERED   IN  A  DIF- 
FERENT POINT  OB'  VIEW. 

We  have  already  shewn,  that  whenever  a  quan- 
tity of  the  electric  fluid  is  brought  within  a  cer- 
tain distance  of  the  surface  of  any  body,  whether 
metal,  wood,  or  glass,  it  will  always  produce  on 
that  body  a  contrary  electricity;  and  this  more 
readily  and  permanently,  when  the  body  has  a 
communication  with  the  earth. 

The  equilibrium  will  not  be  restored  so  long  as 
the  power  continues  of  the  same  force,  and  acting 
at  the  same  distance;  but,  the  nearer  this  power 
is  brought  to  the  surface,  the  greater  is  the  effect 
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it  will  produce.  It  has  also  been  shevro,  tfeat  tht 
electric  fluid  will  communicate  these  powers 
through  glass,  nearly  as  well  as  through  air. 

NoWj^^  as  glass  resists  the  passage  of  tfce  fluid 
more  than  wood  or  metal,  the  fluid  wSl  be  longer 
in  passing  through  a  given  length  erf"  glass,  than 
through  the  same  length  of  wood  or  metal. 

But,  by  means  of  the  metallic  coating  on  one 
side  of  the  glass,  the  electric  ifluid  is  placed  tti  the 
most  advantageous  situation  for  producing  a  sG-ofig 
and  uniform  action  on  the  contrary  side,  on  which 
the  resistance  is  lessened  with  as  great  advantages 
by  the  other  metallic  coatmg,  which  is  connected 
with  the  earth ;  and  this  contrariety  wJfl  continoe 
till  the  equilibrium  is  restored  by  connecting  the 
opposite  side  with  a  conductor. 

When  an  electric  is  excited,  the  two  powers 
are  said  to  be  separated:  they  are  also  kngwn  to 
repel  their  own  particles,  and  attract  the  contrary. 
When  one  side  of  a  jar  is  made  positive,  ifljiy  it 
not  repel  the  positive  electricity  from  the  other 
side,  separating  it  from  the  negative,  ^hidh  i« 
strongly  attracted  through  the  glass? 

The  outside  of  the  jar  cannot  then  be  said  to 
be  deprived  of  its  electricity,  but  only  has  its  fluid 
changed;  and  when  the  fluids  are  separated,  they 
are  ever  eager  to  conjoin  again.* 

*  See  Eehs's  Philosophical  Essays;  fVUscns  Short  View  of 
Elcctricitjj  and  Milner's  Observations  on  Electricity. 
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COMBINED  APPARATtrs., 

The  apparatus  represented  vX  plate  3,  fg.  49,  will 
be  found  exceedingly  convenient  for  making  a  va* 
riety  of  experiments  on  the  Leyden  jar.  I  have 
endeavoured  to  combisie  the  parts  of  it  in  such  a 
xhamier,  as  to  render  the  apparatus  extcnsi\^Iy 
useful^  without  being  complicated.  A  is  an  in- 
sulated pUlar  of  glass^  which  is  screwed  to  the 
wooden  foot,  B:  all  the  di^ent  parts  of  the  ap" 
patatus  may  be  screwi&d  alternately  00  this  pillar. 
C  D  is  an  exhausted  tube  of  glass,  capped  at 
each  end  with  brass:  at  the  end,  D^  is  a  vaivc, 
properly  secured  under  the  brass  plate;  a  br^ss 
wire,  with  a  ball,  projects  from  the  upper  cap;  a 
pointed  wire  proceeds  from  the  bottom  plate;  this 
tube  is  called  the  luminous  conductor.  The  flask 
represented  at  E,  is  called  the  Leyden  vacuum. 
It  is  furnished  with  a  valve  under  the  ball^  E;  this 
ball  unscrews,  in  order  to  come  more  readily  at 
the  valve:  a  wire  with  a  blunt  end  projects  a  little 
below  the  neck  of  the  flask;  the  bottom  of  the 
flask  is  coated  with  tin->foil;  a  female  screw  is 
cemented  to  the  bottom,  ia  ^der  to  screw  it  on 
the  pillar  A. 

F  is  a  syiinge  to  exhaust  ^  air  occasionally, 
either  from  the  luminous  conductor,  or  the  Leyden 
vactimn.     To  do  this^  unscrew  the  ball,  E,  o(  the 
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Leyden  vacuum,  or  the  plate,  c  d,  of  t)ic  luminous 
conductor,  and  then  screw  the  syringe  in  the 
place  of  either  of  these  pieces,  being  careful  that 
the  bottom  of  the  female  screw,  G,  bears  close 
against  the  leather  which  covers  the  shoulders, 
then  work  the  syringe,  and  in  a  few  minutes 
the  glasses  will  be  sufficiently  exhausted.  H  and 
I  are  two  Leyden  jars,  each  of  which  has  a  female 
screw  fitted  to  the  bottom,  in  order  that  they  may 
be  conveniently  screwed  on  the  pillar,  A.  The 
jar,  H,  is  furnished  with  a  brass  belt,  that  it  may 
screw  sideways  on  the  pillar,  A.  K  and  L  are  two 
small  wires,  which  are  to  screw  bccasionally  into 
either  the  ball  E,  the  knobs  of  the  jars,  e  or  f^  the 
cap  C,  or  the  socket  g,  on  the  top  of  the  pillar :  the 
"balls  may  be  unscrewed  from  these  wires,  which 
will  then  exhibit  a  blunt  point.  M  is  a  wooden  ta«- 
ble  to  be  screwed  on  the  glass  pillar  occasionally. 


EXPERIMENTS  ON  CHARGING  AND  DISCHARG- 
ING THE  LEYDEN  PHIAL,  INTENDED  TO 
ELUCIDATE  AND  CONFIRM  DR.  PRANKLIN*S 
THEORY. 

Experiment  cxi.  To  shew^  that  except  the 
fluid  goes  off  on  one  siJe^  it  can  receive  none  on  the 
other.  Screw  a  Leyden  phial,  whose  coating  is 
free  from  points,  upon  an  insulated  stand,  and 
place  it  60  that  its  knob  may  be  in  contact  with 
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the  conductor,  taking  care  that  no  conducting 
substance  is  near  the  coating  of  the  jar;  turn  the 
cylinder  round  a  sufficient  number  of  times  to 
charge  the  phial^  then  examine  it  Avith  a  dis- 
charging rod^  and  you  will  find  it  had  received 
no  charge;  which  shews  clearly,  that  except  the 
electric  fluid  can  escape  from  c^ne  side  of  the  Jar, 
it  can  receive  none  on  the  other.  If  there  are  any 
points  on  the  coating,  or  damp  on  the  stand,  the 
fluid  will  be  carried  off  by  them,  and  the  jar  will 
receive  a  small  charge.  The  air  which  surrounds 
the  coating  will  also  sometimes  carry  ofl^  a  small 
quantity  of  electricity: 

Experiment  cxii.  Place  the  same  insulated 
phial  so  that  its  knob  may  be  about  half  an  inch 
from  the  conductor^  and  while  the  cylinder  is 
turning,  hold  a  brass  knob  near  the  coating  of  the 
jar;  this  knob  will  receive  a  spark  from  the  coat- 
ing for  every  one  that  passes  between  the  conduc- 
tor and  the  knob,  and  the  jar  will  in  a  little  time 
be  charged,  by  adding  electricity  to  one  side  and 
taking  it  away  from  the  other. 

Experiment  cxiii.  Screw  the  phial,  a,  plate 
3,  jftg.  42,  on  the  insulated  pillar  d,  and  bring  its 
knob  in  contact  with  the  conductor;  hold  another 
jar,  c,  of  the  same  size  with  a,  so  that  its  knob 
may  be  in  contact  with  the  outside  coating  of  the 
jar,  a;  turn  the  cylinder,  and  when  the  jar,  a,  is 
charged,  place  c  on  the  table,  then  unscrew  ^ 
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fi^otn  its  Standi  and  place  it  also  on  the  table^  bat 
at  ^ome  distance  from  the  other;  fit  a  brass  bdl 
to  the  bottom  stem  of  the  quadrant  dectrcxneter^ 
and  hold  the  electrometer  by  a  silken  string,  so 
that  the  brass  ball  jmay  touch  the  knob  of  the  jar; 
observe  at  \i^hat  height  the  index  of  the  electio- 
meter  stands^  and  then  remove  it  to  the  other  jar, 
which  will  raise  the  index  to  the  same  height; 
shewing  clearly^  that  the  jar  has  thrown  oflf  from 
the  outside  as  much  dectricity  as  it  received  on 
the  inside* 

Experiment  cxi  v.  Jar  charged  hy  the  action 
of  the  two  powers.  Place  the  knob  of  an  insulated 
jar  in  contact  with  a  positive  conductor,  and  con- 
nect the  outer  coating  with  the  cushion  or  a 
negative  conductor;  turn  the  cylinder^  and  the 
jar  will  be  charged  with  its  own  electricity,  the 
fluid  from  the  exterior  coating  being  transferred 
to  the  interior  one;  The  jar  is  charged  in  this 
instance  without  any  communication  with  the 
earth. 

Experiment  cxv.  Charge  the  two  jars,  fig^ 
43,  positively;  connect  their  outside  coatings  by 
a  wire  or  chain,  then  bring  their  knobs  together ; 
there  will  be  no  spark  between  them,  and  the  jars 
will  not  be  discharged,  because  neither  side  has 
any  thing  to  communicate  to^  the  other. 

Experiment  cxvi.  Explosion  through  fiamr. 
Charge  the  insulated  jar,  fg.  43,  negatively,  and 
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the  other  positivdy;  connect  the  coating  by  a 
chain, .  and  bring  the  knobs  towarda  each  other, 
an  explosion  will  take  pltice,  and  the  jars  will  be 
discharged.  If  a  lighted  candle  is  placed  between 
the  knobs,  the  explosion  will  be  made  through 
the  flame  in  a  beautiful  manner,  and  at  some 
inches  distance.     Sccfg.  44. 

Experiment  cxvii.  Discharge  hy  ih^  €on^ 
irary  power.  Fix  a  quadrant  electrometer  to  the 
ball  of  a  Leyden  jar,  and  chai^  it  negatively; 
when  It  has  received  a  foil  charge,  the  index  will 
stand  at  90  degrees;  then  place  the  jar  with  Ms 
electrometer  at  the  positive  conductor ;  turn  the 
cylinder,  the  electrometer  will  descend,  and  the 
jar  will  be  discharged  by  the  contrary  electricity. 

Exp-ERTMEXT  cxTiii.  Insulatc  two  Leyden 
jars;  let  their  coatings  be  in  contact,  and  while 
you  charge  the  inside  of  one  positively,  let  a 
person  standing  on  the  floor  touch  the  top  cX  the 
other  with  his  finger,  and  it  will  be  charged  ne- 
gatively. 

ExPERiME'NT  cxix.  L  M,  fig.  45,  rqjrc- 
gents  a  Leyden  jar,  which  is  furnished  with  move- 
able coatings  of  tin;  the  inner  one,  N,  may  be 
removed  by  the  silken  strings  f,  g,  h ;  the  jar  may 
be  taken  from  its  outer  coating. 

Charge  the  jar,  and  then  remove  the  coatings, 
bring  a  pair  of  pith  balls  towards  the  jar,  and  they 
will  be  strongly  attracted  by  it;  replace  the  coat- 
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ings^  and  the  jar  will  give  a  considerable  shock; 
which  shews,  that  the  power  or  force  of  the  charge 
is  resident  in  the  glass,  and  not  in  the  coatings. 

Experiment  cxx.  Spotte4jar.  T  V,  fg.A^ 
represents  a  jar,  whose  exterior  coating  is  formed 
of  small  pieces  of  tin-foil,  placed  at  a  small  dis- 
tance from  each  other.  Charge  this  jar  in  the 
usual  manner,  and  strong  sparks  of  electricity  will 
pass  from  one  spot  of  tin-foil  to  the  other  in  a 
variety  of  directions;  the  separation  of  the  tin-foil 
making  the  passage  of  the  fluid  from  the  outside 
:to  the  table,  in  a  darkened  room,  beautifully  visi- 
ble. Discharge  this  jar,  by  bringing  a  pointed 
wire  gradually  near  the  knob  T,  and  the  interval 
between  the  spots  will  be  pleasingly  illuminated, 
and  the  noise  will  resemble  that  of  small  fired 
crackers.  If  the  jar  is  discharged  suddenly,  the 
whole  outside  surface  appears  illuminated.  The 
glass  must  be  very  dry. 

Experiment  cxxi.  String  a  parcel  of  shot 
on  a  silken  string,  leaving  a  small  space  between 
each  of  them ;  suspend  this  from  the  conductor, 
so-  that  it  may  reach  the  bottom  of  a  coated  jar, 
which  is  placed  on  an  insulated  stand;  connect 
another  string  of  shot  to  the  bottom  of  the  jar, 
and  let  it  communicate  with  the  table;  turn  the 
machine,  and  a  vivid  spark  will  be  seen  between 
each  of  the  shot,  both  within  and  without  the  jar, 
as  if  the  fire  passed  through  the  glass. 
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Experiment  cxxii.  Hold  ajar  which  has  no 
coating  on  the  outside  in  the  hand,  and  present 
its  knob  towards  an  electrified  conductor;  the 
fire,  while  it  is  charging,  will  pass  from  the  out- 
side to  the  hand,  in  a  pleasing  manner;  on  the 
discharge,  beautiful  ramifications  will  proceed 
from  that  knob  of  the  discharger  which  is  on  the 
outside,  all  over  the  jar. 

Experiment  cxxiix-  Let  a  chain  be  sus- 
pended from  the  conductor  and  pass  into  an  un- 
coated  jar,  so  that  it  does  not  touch  the  bottom; 
put  the  machine  in  action,  and  the  chain  will 
move  round  in  order,  as  it  were,  to  lay  the  fire 
on  the  inside  of  the  jar,  and  thus  charge  it  by 
degrees. 

Experiment  Cxxiv.  Double  jar.  Fig.  47  re- 
presents two  Leyden  jars,  placed  one  over  the 
other.  Various  experiments  may  be  made  with 
this  double  jar,  which  are  very  pleasing,  *i'd  elu- 
cidate clearly  the  received  theory. 

Bring  the  outside  coating  of  the  jar.  A,  in  con- 
tact with  the  prime  conductor,  and  turn  the  ma- 
chine till  the  jar  is  charged ;  then  place  one  ball 
of  the  discharging  rod  upon  the  coating  of  B,  and 
with  the  other  touch  the  knob  of  the  jar  A,  which 
will  cause  an  explosion.  Now  place  one  ball  of 
the  discharger  on  the  knob  of  A,  and  bring  the 
other  ball  to  its  coating,  and  you  have  a  second 
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discharge*  Again^  ^PP^X  ^^^  ^U  of  the  cHs-* 
charger  on  the  coatiag  of  B,  and  carry  the  other 
to  the  coating  of  A,  and  it  will  produce  a  thircl 
explosion.  A  fourth  is  obtained  bj  applying  the 
discharger  from  the  coating  of  A  to  its  knoh. 

The  outer  coating  of  the  upper  jar  cooimuni** 
eating  M^ith  the  inside  of  the  under  one,  conveys 
the  fluid  from  the  conductor  to  the  large  jar, 
which  is  therefore  charged  positively;  the.  upper 
jar  does  not  charge,  because  the  inside  cannot 
part  with  any  of  its  electric  fluid;  but,  when  a 
cammunication  is  formed  from  the  outside  of  A 
to  the  iMside  of  B,  part  of  the  fire  on  the  inside  of 
A  will  be  conveyed  to  the  negative  coating  of  B|. 
and  the  jar  will  be  discharged.  The  second  ex- 
plosion is  occasioned  by  the  discharge  of  the  jar 
A;  but,  as  the  outside  of  this  communicates,  by 
conducting  substances,  with  tlie  positive  inside  of 
the  jar  B,  if  the  ball  of  the  discharging  rod  re- 
mains a  small  time  after  the  discharge  on  the  knob 
of  A^  pari  of  the  fire  of  the  inside  of  A  will  cs- 
cape,  and  be  replaced  by  an  equal  quantity  on 
the  outside  from  the  jar  B,  by  which  means  A  ia 
charged  a  second  time ;  the  discharge  of  this  pro- 
duces the  third,  and  of  B,  the  fourth  explosion. 

The  following  pleasing  variations  of  the  fore- 
going experiment  were  communicated  to  mc  by 
Mr-  /.  fW/,  of  Ulverston. 


DR.  FRANKLIN^S  THEORY.  (j^SQ 

A  the  upper  jar,  B  the  under  jar. 

Knob  of  A  applied  to  th«  conductc^j  and  the 
charge  given. 
1  St  discbarge.     Balls  of  discharger  from  coating 

of  A  to  knob  of  A. 
2d  ditto.  From  coating  of  B  to  knob  of  A. 

3d  ditto.  From  coating  of  B  to  coating  of  A. 

^th  ditto.  From  coating  of  A  to  knob  of  A. 

Coating  of  A  applied  to  the  conductor,  and  the 
charge  given. 
1st  discharge.     Balls  of  discharger  from  coating 

of  knob  B  to  knob  A. 
2d  ditto.  From  coating  of  A  to  knob  of  A. 

3d  ditto.  From  coating  of  B  to  knob  of  A. 

4th  ditto.  From  coating  of  B  to  coating  of  A, 

5th  ditto.  From  coating  of  A  to  knob  of  A. 

Coating  of  A  applied  to  the  conductor^  and  the 
charge  given;  touch  the  knob  of  A  with  one  ball 
of  the  discharger,  the  other  ball  communicating 
with  the  earth ;  then  proceed  as  follows : 
1st  discharge.     Balls  of  discharger  from  coating 

of  A  to  knob  of  A. 
2d  ditto.  From  coating  of  B  to  knob  of  A. 

3d  ditto.  From  coating  of  A  to  knob  of  A. 

4th  ditto.  From  coating  of  B  to  knob  of  A. 

Qo  on  thus  alternately,  and  fifteen,  sixteen,  or 
more  discharges  may  be  produced. 
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THE  CONTRARY  STATE  OF  THE  TWO  OPPOSITE 
SIDES    OF  A   CHARGED    LEYDEN    JAR,    SHBWX 

'  BY  THEIR  RESPECTIVE  ATTRACTIVE  ANI> 
REPULSIVE  POWERS. 

\  Experiment  cxxv.  Screw  the  jar,  H,  ^^. 
49,  with  the  belt  sideways,  on  the  insul^iting 
stand,  as  injf?f.  48,  and  charge  it  positively,  then 
touch  the  knob  with  a  pair  of  pith  balls,  these 
\yill  diverge  with  positive  electricity ;  hold  another 
pair  to  the  coating,  and  they  will  separate  with 
negative  electricity. 

Experiment  cxxvi.  Electrify  two  pair  of 
the  pith  balls  which  are  fixed  to  the  brass  tubes,  as 
in  plate  !2,  fg.  22,  by  the  knob  of  a  positively 
charged  jar,  and  place  them  at  a  small  distance 
from  each  other;  then  push  them  together  till  the 
ends  of  the  tubes  are  in  contact,  and  the  balls  will 
remain  in  the  same  state  they  were  in  before  they 
were  brought  together,  because  their  electricity  i3 
of  the  same  kind.  The  result  is  the- same  if  both 
pair  are  electrified  by  the  coating;  but,  if  one  pair 
is  electrified  by  the  coating,  and  the  other  by  the 
knob,  when  they  are  brought  in  contact,  they 
immediately  close. 

Experiment  cxxvii.  A  cork  ball,  or  an 
artificial  spider  made  of  burnt  cork  with  legs  of 
linen  thready  suspended  by  silk^  will  play  between 
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the  knobs  of  two  jars,  one  of  which  is  charged 
positively,  the  other  negatively,  and  will  in  a 
little  time  discharge  them. 

Experiment  cxxviii.  A  ball  suspended  on 
silk',  and  placed  between  two  brass  balls,  one 
proceeding  from  the  outside,  the  other' from  the 
inside  of  a  Leyden  jar,  when  the  jar  is  charged, 
will  fly  from  one  knob  to  the  other;  and,  by  thus 
conveying  the  fire  from  the  inside  to  the  outside 
of  the  jar,  wrill  soqn  discharge  it. 

Experiment  cx^ix.  An  insulated  cork  ball, 
after  having  received  a  spark,  will  not  play  be- 
tween, but  be  equally  repelled  by  two  jars  which 
are  charged  with  the  same  power. 

ExPERiMENT-cxxx.  At pJaUS^jfig.  58,  a  wirc 
is  fixed  to  the  under  part  of  the  insulated  coated 
jar;  be,  another  wire  fitted  to,  and  at  right 
angles  with  the  former,  a  brass  fly  is  placed  on 
the  point  of  this  wire;  charge  the  jar,  and  all  the 
time  the  jar  is  charging,  the  fly  will  turn  round  ;^ 
when  the  jar  is  charged,  the  needle  stops.  Touch 
the  top  of  the  jar  with  a  finger,  or  any  other 
conducting  substance,  and  the  fly  will  turn  again 
till  the  jar  is  discharged.  The  fly  will  electrify  a 
pair  of  balls  positively  while  the  jar  is  charging, 
and  negatively,  when  discharging. 

Experiment  cxxxi.  Place  a  clean,  dry,  and 
excited  pane  of  glass,  about  one  foot  square,  on 
an  insulated  box  with  pith  balls;  it  will  cause  the 
balls  to  diverge  with  positive  electricity,  and  tbcy 
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will  continue  to  repel  each  other  upwards  of  four 
hours  in  dry  air.  When  the  balls  come  together, 
remove  the  glass,  and  they  will  open  with  nega- 
tive electricity;  replace  the  glass,  and  they  will 
close;  remove  it,  and  they  will  open  again;  and 
thus  alternately,  as  long  as  any  electricity  remains 
in  the  glass. 

If  the  pane  of  glass  be  placed  in  a  frame  of 
wood,  and  a  light  pith  or  cork  ball  be  laid  on  its 
surface,  on  presenting  towards  it  the  end  of  a 
finger,  or  the  point  of  a  pin,  the  ball  will'  recede 
from  them  with  a  very  brisk  motion,  and  may 
thus  be  driven  about  on  the  surface  of  the  glass, 
like  a  feather  in  the  air,  by^n  excited  tube.  The 
ball  being  deprived  of  its  electricity  by  the  pin, 
it  instantly  flies  to  that  part  of  the  glass  which 
attracts  it  most  forcibly. 

To  excite  the  pane  of  glass,  lay  it  upon  a  quire 
of  large  paper,  well  dried,  and  then  rub  it  with  a 
piece  of  clean  dry  flannel* 

m 

I 

THE  CONTRARY  STATES  OP  THE  DIFPERBNX 
SIDES  OF  A  LEYDEN  JAR,  AND  THE  DIREC- 
TION OF  THE  ELECTRIC  FLUID  IN  THE 
CHARGE  AND  DISCHARGE  THEREOF,  INVES- 
TIGATED BY  THE  APFEARANCE  OF  THE 
ELECTRIC   LIGHT. 

We  have  already  observed,  that  the  different 
appearances  of  light  on  electrified  points,  wer^ 
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deemed  a  criterion  of  the  direction  of  the  electric 
fluid;  that  the  luminous  star  shews  a. point  in 
receiving  the  electric  matter,  whilst  the  luminous 
brush  or  cone  indicates  that  it  is  proceeding  from 
a  point. 

We  shall  now  examine  the  state  of  the  different 
sides  of  the  Leyden  jar  by  these  appearances. 

Experiment  cxxxii.  Screw  the  jar,  I,  on 
the  insulating  pillar,  and  the.  pointed  wire  into 
the  hole  g,  place  another  pointed  wire  at  the  end 
of  the  conductor;  bring  the  knob  of  the  jar  near 
this  wire,  and  then  turn  the  cylinder,  a  pencil  of 
rays  will  diverge  from  the  pointed  wire  in  the 
conductor  to  the  knob  of  the  jar,  at  the  same  time 
another  pencil  of  rays  will  diverge  from  the  point 
at  the  bottom  into  the  air.     See^.  50. 

Repeat  this  experiment  with  the  negative  con- 
ductor, and  a  luminous  star  will  appear  on  the 
end  of  each  wire. 

-Experiment  cxxxiii.  Screw  a  pointed  wire 
into  the  knob  of  the  jar,  see  jig.  51,  charge  the 
jar  positively,  the  fire  will  be  received  from  the 
conductor  by  the  pointed  wire,  and  appear  thgre 
as  a  luminous  star,  while  the  wire  on  the  outside 
of  the  jar  will  throw  oflf  a  diverging  cone. 

Fig.  52  represents  the  foregoing  appearances 
reversed,  by  charging  the  jar  negatively  at  the 
positive  conductor. 
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This  experiment  may  be  further  varied,  by  ap- 
plying the  jar  to  a  negative  conductor. 

Experiment  cxxxiv.  After  the  jar  is 
charged,  as  in  the  foregoing  experiments,  turn 
that  wire  from  the  cylinder  which  before  was 
nearest  to  it,  then  put  the  machine  in  action,  and 
the  af&ux  and  efflux  will  be  more  apparent  than 
before;  one  point  throwing  otF,  and  the  other 
receiving  the  fluid  with  extreme  avidity,  which 
will  in  a  little  time  discharge  the  jan 

Experiment  cxxxv.  Charge  the  jar  as  be- 
fore, then  touch  the  wire  which  is  connected  with 
the  negative  side,  and  the  opposite  wire  will 
throw  off  a  diverging  cone;  but  if  the  positive 
side  IS  touched,  a  luminous  cone  will  only  be  seen 
on  the  other  wire. 

Experiment  cxxxvi.  Fig.  53  is  an  electric 
jar;  B  B,  the  tin*foil  coating;  C,  a  stand' which 
supports  the  jar;  D,  a  socket  of  metal  which 
carries  the  glass  rod,  £;  a  curved  metallic  wire, 
pointed  at  each  end,  is  fixed  to  the  end  of  the 
rod  G,  which  rod  is  moveable  at  pleasure  in  a 
spring  tube,  N;  that  tube  being  fixed  by  a  socket 
upon  the  top  of  the  glass  rod  E,  the  charging  ^ire 
communicates  with  the  different  divisions  of  the 
inside  coating  of  the  jar  by  horizontal  wires. 

Place  the  jar  as  usual,  and  put  the  machine  in 
action,  a  small  luminous  spark  will  appear  upon 
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the  upper  point  of  the  wire  F,  a  plain  indication 
th^t  the  point  is  then  receiving  electricity  from 
the  upper  ring  of  the  coating  on  the  outside  of  the 
jar;  a  fine  stream  or  pencil  of  rays  will  at  the  same 
time  fly  off,  beautifully  diverging  from  the  lower 
point  of  the  wire,  F,  upon  the  bottom  ring  of  the 
coating  on  the  jar ;  when  these  appearances  cease, 
which  they  will  as  soon  as  the  jar  is  charged,  let  a 
pointed  wire  be  presented  towards  the  prime  con- 
ductor,  this  will  soon  discharge  the  jar  silently, 
during  which  the  lower  point  will  be  illuminated 
with  a  small  spark,  while  the  upper  point  of  the 
\yire  will  throw  off  a  pencil  of  rays,  diverging  to- 
wards the  upper  ring  of  the  coating. 

Experiment  cxxxvii.  Take  a  Leyden  jar, 
the  neck  of  which  should  not  be  very  broad,  set 
the  coating  on  the  conductor,  and  charge  it  nega- 
tively; when  charged,  if  not  too  dry,  the  upper 
edge  of  the  coating  will  throw  oflF  one  or  more 
brushes  of  light  into  the  air,  which  will  visibly 
incline  towards  the  charging  wire  of  the  jar,  and 
sometimes  actually  reach  it.  Present  the  knob 
to  the  prime  conductor,  and  charge  the  jar  posi- 
tively; a  small  spark  of  light  will  first  appear  on 
the  edge  of  the  cork  in  the  neck  of  the  bottle 
through  which  the  wire  passes,  after  a  few  turns 
of  the  cylinder;  this  spark  becomes  a  brush,  dart- 
ing out  from  the  cork,  and  gradually  lengthening 
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til)  it  forms  an  arch,  the  end  of  it  extending 
downwards  till  it  reaches  and  touches  the  end  of 
the  coating*.  If  the  jar  be  dry,  it  will  in  both 
cases  be  discharged  spontaneously.  See  Jig.  54 
and  55. 

Experiment  cxxxviir.  An  insulated  posi- 
tively charged  jar  will  give  a  spark  from  its  knob 
to  an  excited  stick  of  waxj  while  no  spark  will 
pass  between  it  and  an  excited  glass  tube. 

Experiment  cxxxix.  An  analysis  of  the  Ley^ 
den  javy  hy  means  of  the  Ley  den  vacuum^  E,  fig.  49, 
Screw  this  on  the  insulated  stand,  with  the 
pointed  wire  from  the  bottom.  Fig.  50  repre- 
sents the  appearance  of  the  fluid  on  the  points 
when  the  jar  is  charged  negatively,  at  a  conductor 
loaded  with  positive  electricity. 

Fig.  579  the  appearances  it  displays  when  it  is 
charging  positively  at  the  same  conductor. 

Fig.  dQy  plate  4y  is  the  same  jar  charging  po- 
sitivcly  at  a  negative  conductor.  Fig.  60,  it  is 
charging  negatively  at  the  same  conductor. 

Experiment  cxl.  Fig.  61  represents  the  lu- 
minous conductor  On  the  insulating  stand.  Set 
the  collecting  point  near  the  cylinder,  and  place 
the  knob  of  an  uncharged  jar  in  contact  with  the 
ball,  or  hang  a  chain  from  it  to  the  table,  and  on 
working  the  machine,  the  ball  will  be  enveloped 
ji)  a  dense  electric  atmosphere.     If  the  point  be 
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brought  in  contact  with  an  insulated  rubber,  and 
a  communication  is  made  from  the  ball  to  the 
table,  the  atmosphere  will  be  on  the  point  in  the 
tube.  If*  a  jar  positively  charged  be  presented, 
the  appearances  in  the  tube  will  be  as  delineated 
mj^g.62.  But,  if  a  jar  negatively  charged  be 
thus  applied,  the  appearance  will  be  as  in^^.  6l. 

This  tube,  when  mounted  on  its  insulating 
stand,-  may  be  used  instead  of  the  prime  conduc- 
tor, and  all  the  common  experiments  may  be  per- 
formed with  it.  Th^  tube  will  be  luminous 
during  the  whole  of  the  operation. 


OP  TH^:  DIBECTION  OP  THE  ELECTRIC  MAT- 
TER IN  THE  DISCHARGE  OP  THE  LEYDEN 
JAR. 

Experiment  cxli.  Place  a  charged  jar  on 
a  small  glass  stand  under  the  receiver  of  an  air- 
pump;  as  the  receiver  is  exhausting,  the  electric 
fire  will  issue  from  the  wire  of  the  jar,  in  a  very 
luminous  pencil  of  rays,  and  continue  flashing  to 
the  coating  till  the  air  is  exhausted,  when  the  jar 
will  be  found  to  be  discharged. 

If  the  jar  is  charged  negatively,  the  current  of 
fire  will  appear  to  have  a  different  direction  from 
that  which  it  had  before. 

From  this  experiment  we  may  infer  the  effects 
of  the  atmospheric  pressure  upon  the  charge  of 
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the  Lcydcn  jar,  and  learning  that  it  is  the  natunJ 
boundary  to  every  charge  of  electricity  we  can 
give;  and,  consequently,  that  a  jar  would  con- 
tain double  the  charge,  in  air  doubly  condensed, 
as  it  does-  in  the  common  atmosphere,  since  it 
would  increase  the  intensity,  of  the  electric  atmos- 
phere. 

Experiment  cxlii.  Place  a  small  lighted 
taper  between  the  two  balls  of  the  universal  dis- 
charger, then  pass  a  very  small  charge  of  a  posi- 
tive jar  through  them,  and  the  flame  of  the  taper 
will  be  attracted  in  the  direction  of  the  fluid  to- 
wards the  coating.     See  fig.  63. 

Experiment  cxnti.  The  same  small  charge 
from  a  negative  jar  will  reverse  the  appearance. 

In  both  these  experiments  it  is  necessary  to  use 
the  least  charge  that  can  be  given,  just  sufiicient 
to  leap  the  interruption  in  the  circuit. 

Experiment  cxuv.  Place  a  card  on  the 
table  of  the  universal  discharger,  and  bring  one  of 
the  points  under  the  card,  then  connect  this  point 
with  the  coating  of  a  jar  positively  charged;  place 
the  other  point  on  the  top  of  the  card,  and  at 
about  an  inch  and  an  half  from  the  former  row 
complete  the  circuit,  by  bringing  a  discharging 
rod  from  the  last  wire  to  the  top  of  a  jar,  and  the 
electricity  will  pass  through  the  upper  wire,  along 
the  surface  of  the  card,  till  it  comes  to  the  point 
which  is  underneath,  where  it  will  make  a  hole  iu 
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the  card,  and  pass  through  the  wire  to  the  coating 
of  the  jar.     Sec^g.  64. 

Experiment  cxlv.  Four  cork  balls,  A,  B, 
C,  D,  being  placed  at  equal  distances  from  each 
other,  from  the  balls  of  the  discharging  rod,  a^d 
from  the  coaling  of  a  positively  charged  jar;  on 
making  the  discharge,  the  ball  A  next  the  rod 
vras  repelled  to  B,  which  was  again  repelled  to  C, 
C  remained  immoveable,  and  D  flew  to  the  coat- 
ing  of  the  jar. 

Experiment  cxlvi.  Take  a  card,  ^nd  paint 
both  sides  with  cinnabar  about  the  breadth  of  the 
finger,  fix  this  card  vertically  by  a  little  wax  on 
the  table  of  the  universal  discharger,  let  the 
pointed  end  of  one  of  the  wires  touch  one  side  of 
the  card,  and  the  end  of  the  other  wire  the  oppo- 
rite  side;  the  distance  of  the  points  from  each 
other  must  be  proportioned  to  the  strength  of  the 
charge:  discharge  a  jar  through  the  wires,  and 
the  black  mark  left  by  the  explosion  on  the  co- 
loured band,  shews  that  the  electric  fluid  passed 
from  the  wire  communicating  with  the  inside  of 
the  jar  to  that  which  communicates  with  the  out- 
ride, against  which  it  makes  a  hole. 
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BXPESIMSNTS  WHICH  SEEM  TO  MILITATB 
AGAINST  THE  RECEIVED  THEORY  OP  ELEC- 
TRICITY. 

Experiment  cxlvii  .Let  the  surfaces  of  an 
electric  plate  be  very  slightly  charged  and  insu- 
lated, let  an  interrupted  circuit  be  formed,  the 
two  powers  will  be  visible,  illuminating  the  points 
of  the  interrupted  circuits,  and  each  power  will 
appear  to  extend  further  from  the  surface  conti- 
guous to  it,  the  stronger  the  charge  that  is  com- 
municated to  the  plate;  but,  if  the  illuminations 
on  each  side  meet,  there  will  immediately  follow 
an  explosion  of  the  whole  charge.  The  length  of 
the  interrupted  circuit  used  for  this  experiment 
was  twelve  feet.* 

Experiment  cxlviii.  If  a  cylindrical  plate 
of  air,  contained  in  the  receiver  of  an  air-pump, 
be  charged,  it  is  observed,  the  more  air  that  is 
exhausted  from  between  the  surfaces,  the  more 
easily  the  powers  will  unite. 

Experiment  cxlix.  If  an  exhausted  re- 
ceiver be  made  part  of  the  electric  circuit,  and 
the  charge  should  not  be  sufficient  to  cause  an 
explosion^  an  electric  light  will  appear  to  proceed 

♦  Atwood\  Analysis  of  a  Course  of  Lectures,  p,  121. 
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in  an  opposite  direction  from  the  parts  communU 
eating  with  the  negative  and  positive  surfaces. 

Experiment  cl.  Let  a  coated  jar  be  set  on 
an  insulating  stand,  and  let  its  knob  be  touched 
by  the  knob  of  another  jar  negatively  electrified; 
a  small  spark  will  be  seen  between  them,  and 
both  sides  of  the  insulated  jar  will  be  instantly  ne- 
gatively electrified.* 

Fasten  a  pith  ball  electrometer  by  a  little  wax 
to  the  outside  coating  of  a  jar,  charge  the  jar 
slightly  w^ith  positive  electricity,  and  set  it  on  an 
insulated  stand,  the  ball  will  either  not  diverge, 
CMT  only  a  very  little;  bring  the  knob  of  a  jar, 
which  is  strongly  charged  with  positive  electricity, 
.  near,  the  knob  of  the  former,  and  the  balls  will 
diverge  with  positive  electricity. 

Experiment  cli.  Let  the  same  jar,  with  the 
pith  balls  affixed  to  its  outside  coating,  be  slightly 
charged  negatively,  and  then  insulated,  bring  the 
knob  of  a  jar,  which  is  strongly  electrified  nega- 
tively, to  that  of  the  insulated  one,  and  the  pith 
balls  will  diverge  with  negative  electricity. 

Experiment  clii.  Charge  a  jar  positively, 
and  then  insulate  it;  charge  another  strongly  with 
negative  eltetricity,  bring  the  knob  of  the  nega- 
tive jar  near  that  of  the  positive  one,  and  a  thread 
will  play  between  them;    but,  when  the  knobs 

*  Encydopwdh  Britannica^  vol.  iv.  p.  TffQB. 
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touch  each  other,  the  threads,  after  being  at- 
tracted, will  be  repelled  by  both.  The  negative 
electricity  is  some  how  superinduced  on  the  posi- 
tive, and  for  a  few  minutes  after  they  are  sepa- 
rated, both  will  appear  negatively  electrified ;  but 
if  the  finger  is  brought  near  the  knob  of  that  jar 
on  which  the  negative  electricity  was  superin- 
duced, it  will  instantly  be  dissipated,  a  small 
spark  will  strike  the  finger,  and  the  jar  will  be 
positively  cliargcd  as  before. 

Some  of  the  positions  which  support  the  Frank-i- 
linian  hypothesis  have  been  already  considered; 
we  are  now  at  a  proper  stage  for  pointing  out 
those  deficiencies  which  have  been  observed  m 
other  parts  of  it.  To  support  this  hypothesis,  it 
is  necessary  to  maintain,  iha^  g^^^y  ^^  othew 
electric  siibsiancesy  though  they  conta'm  a  great  deal 
of  electric  matter^  are  nevertheless  impermeable  to  it. 

This  position  appears  contradictory  at  the  first 
view ;  for  it  is  not  easy  to  conceive,  that  any  sub- 
stance can  be  full  of  a  fluid,  and  yet  impermeable 
by  it;  especially  when  a  considerable  quantity  of 
this  fluid  is  taken  from  one  side  and  added  to  the 
other:  and,  what  is  more  surprizing,  the  thinner 
the  glass,  and  the  less  quantity  it  is  capable  of 
containing,  the  more  we  are  able  to  put  into  it^ 
and  tlje  stronger  will'b^  the  charge.* 

*  Eocydopsedia  Britannlca,  p.  2687. 
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The  following,  among  other  experiments,  hii 
been  adduced  as  a  strong  argument  in  favour  of 
the  impermeability  of  glass.     Let  a'  coated  jar  be 
set  upon  an  insulated  stand,    and  the  knob  of 
anotlier  coated  jar  be  brought  near  it;  for  every 
spark  discharged  from  the  prime  conductor  to  the 
knob  of  the  first  jar,  a  spark  will  pass  from  the 
coating  of  the  first  to  the  knob  of  the  second: 
now,  a  common  observer  generally  imagines  that 
the  fire  runs  through  the  glass;  Dr.  Franklin  con- 
*  eludes  it  does  not,  because  there  is  found  a  great 
accumulation  of  electricity  on  the  inside  of  the  jar, 
which  manifests  itself  when  the  inside  and  outside 
are  made  to  communicate  with  each  other.     But, 
we  cannot  from  this  and  similar  experiments  con- 
clude that  glass  is  impermeable,  except  we  sup- 
pose the  electric  matter  to  be  accumulated  on  one 
side  of  the  glass,  and  deficient  on  the  other;  but 
this  has  never  yet  been  proved:  it  has  indeed  been 
wid,  that  if  glass  were  permeable  to  this  fluidj>  it 
could  never  be  charged;  but  this  rests  wholly  on 
the  supposition  that  there  is  an  accumulation  of 
the  fluid  in  bodies  positively  electrified,  and  a  de- 
fieiency  in  those  which  are  negatively  so.* 

Mr,  Wilson^  to  prove  the  permeability  of  glass, 
took  a  very  large  pane  of  glass  a  little  warmed, 

*  EncYclopaedia  Britannica,  p.  2687* 
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BXidf  holding  it  upright  by  one  edge»  while  the 
opposite  edge  rested  upon  wax,  he  rubbed  the 
jniddle  part  of  the  surface  with  his  finger,  and 
found  both  sides  electrified />/ttj ;  he  accounted  for 
this  from  the  electric  fluid  passing  through  the 
glass  from  his  finger.  But  Dr.  Priestley  says,  this 
appearance  ought  to  take  place  on  Dr^  Franklins 
principles;  for,  the  fire  given  to  the  glass  by  the 
£nger  on  one  side,  repels  an  equal  quantity  from 
the  other,  which  stands  as  an  atmosphere,  so  that 
both  sides  appear  positively  electrified.  Mr.  /fV/- 
son  tried  also  another  experiment,  which  seems 
more  decisive  than  the  former.  Having  by  him  a 
pane  of  glass,  one  side  of  which  was  rough  and 
the  other  smooth,  he  rubbed  it  on  one  side;  upoo 
doing  this,  both  sides  were  electrified  minus. 
Dr.  Priestley  attempts  to  reconcile  this  to  I>r. 
Franklins  hypothesis;  as  the  electric  fluid  con- 
tained in  glass,  says  he,  was  kept  equal  on  both 
sides  by  the  commom  repulsion.  If  the  quantity 
^n  one  side  is  diminished,  the  fluid  on  the  other 
»ide  being  less  repelled  retired  inward,i«and  leaver 
that  surface  rninm.  But  surely  those  words  mili- 
tate strongly  against  the  system  he  means  to  esta- 
blish. The  quantity  of  fluid  in  one  side  being 
diminished,  that  on  the  other,  he  says,  retires 
inward.  But  into  what  does  it  retire?  If  into 
the  substance  of  the  glass,  then  is  the  glass  per- 
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mcable  by  it,  which  is  the  very  thing  Dr.  Priestl&f. 
argues  against.* 


PR.  GREY  ON  THE  FHANKLINIAN  EXPLANA- 
TION OP  THE  LEYDEN  JAR. 

'  Dr.  Franklin,  in  various  parts  of  the  first  volume 
of  his  experiments  and  observations,  asserts,  that 
the  natural  quantity  of  electric  fluid Jn  glass  can- 
€iot  be  increased  or  decreased;  and,  that  it  is 
impossible  to  add  any  to  one  surface  of  a  plate  or 
jar,  unless  an  equal  quantity  be  at  the  same  time 
given  out  from  the  other  surface.  This  error  has 
been  adopted  by  succeeding  electricians;  among 
others,  by  the  late  Mr.  Henley^  who,  in  one  of  hid 
last  papers  printed  in  the  Philosophical  Transac- 
tions for  the  year  1777,  bas  the  following  words: 
*^  According  to  Dr.  Franklin^  theory,  the  same 
quantity  of  electric  matter  which  is  thrown  upon 
one  of  the  surfaces  of  glass,  in  the  operation  of 
charging  it,  is  at  the  same  time  repelled  or  driven 
put  from  the  other  surface;  and  thus  one  of  the 
surfaces  becomes  charged  plus,  the  other  minus  i 
and  that  this  is  really  the  case,  is,  I  think,  satis- 
factorily proved,"  &c. 

Beccarta  also  has  adopted  the  same  opinion, 
laying,  that  a  quantity  of  excessive  fire  cannot  be 


*  £nc7v:)opardta  Brhanntca^  p.  3689. 
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ihtfoduced  into  one  surface,  but  in  as  much  as  afl 
9qual  dose  of  natural  fire  can  quit  the  other  sur-^ 
face. 

These  assertions  are,  I  apprehend,  directly  con-« 
trary  to  what  really  happens;  instead  of  which, 
I  believe,  wc  may  safely  assert,  that  glass,  and 
every  other  tnown  substance,  may  have  its  natu- 
ral quantity  of  electric  fluid  either  increased  of 
diminished  to  a  certain  limited  degree;  whicn 
degree  bears  no  proportion  to  the  quantity  of  mat- 
*  ter  contained  in  a  body,  but  is,  ceteris  parlbtis^  in 
proportion  to  the  extent  of  its  surface. 

This  law,  which  is  perhaps  without  exception, 
may  be  considered  as  one  of  the  fundamental  law9 
df  electricity,  and  one  upon  which  many  of  its 
principal  phenomena  depend.  At  present,  I  shall 
only  consider  it  so  far,  as  it  is  the  cause  of  what 
is  commonly  called  the  charge  of  a  coated  jar: 
suppose  such  a  jar  insulated,  and  connected  by 
its  knob  to  the  prime  conductor  of  an  electrical 
machine,  if  then  the  machine  be  put  in  action, 
a  certain  quantity  of  electric  fluid,  agreeable  td' 
the  above-mentioned  law,  is  added  to  the  natural 
quantity  belonging  to  the  inner  surface  of  the  jar. 
After  which,  if  the  linger,  or  any.  other  conduct- 
ing substance,  be  presented  to  the  outer  coating 
of  the  jar,  a  quantity  of  electric  fluid,  nearly  equal 
to  that  thrown  in,  comes  from  it.  But,  this  de- 
parture of  the  electric  fluid  froin  the  outside  of 
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Ihc  jsif,  cannot  be,  as  Dr.  Franklin  supposes  it, 
the  cause  which  permits  the  addition  of  fluid  to 
the  inside,  but  is  merely  the  consequence  of  the 
action  of  that  superfluous  quantity  which  was. 
thrown  in  5  and  the  operator  may,  if  he  pleases, 
instead  of  taking  the  electric  fluid  from  the  out- 
side of  the  jar,  take  out  again,  by  touching  the 
knob,  nearly  the  whole  of  what  he  had  thrown  in, 
which  he  could  not  do,  if  an*  equal  quantity  had 
already  gone  from  the  outside  of  the  jar.  When 
the  quantity  already  spoken  of  has  been  takeu 
from  the  outside  of  the  jar,  the  equilibrium  being 
nearly  restored,  another  quantity  like  the  first  may 
^galn  be  added  to  the  inner  surface ;  after  which 
a  similar  quantity  may  again  be  taken  from  the 
outside;  thus,  by  the  succession  of  a  suflicient 
number  of  the  quantities  allowed  by  the  fore- 
mentioned  law,  the  jar  may  at  length  be  com- 
pletely charged. 

There  are  other  ways  of  charging  coated  glasi; 
but  if  it  be  allowed  that  the  charge,  in  the  fore- 
going instance,  is  produced  in  the  manner  I  have 
supposed,  it  will  not^  I  think^  be  disputed  that 
all  other  charges  are  produced  by  a  similar  alter- 
nation of  small  quantities;  this,  however,  will  ap- 
pear more  clear  from  the  following  observations 
on  the  manner  in  which  the  diach^rg^  p  pi*^ 
4uced. 
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When  the, astonishing  velocity  with  which  the 
charge  of  a  jar  or  battery  moves  through  a  con- 
siderable space  is  considered,  it  may  at  first  ap- 
pear impossible,  that  the  discharge  should  be 
made  by  the  "alternate  giving  and  receiving  such 
small  quantities  as  those  by  which  the  charge  was 
produced ;  yet,  a  more  ample  consideration  of  the 
matter  will,  I  think,  shew  that  it  cannot  possibly 
be  brought  about  any  other  way, 

I  presume  it  will  be  granted,  that  the  charge  of 
a  j?V,  in  discharging,  either  leaves  it  all  at  once, 
or  goes  out  in  .the  same  small  quantities  by  which 
It  \vent  in.  To  suppose  any  intermediate  manner,' 
\rould  neither  lessen  the  difficulty,  nor  would 
it  be  consonant  to  any  of  the  known  laws  of  elec- 
tricity. 

If  then  the  whole  charge  leave  the  jar  all  at 
once,  there  must  be  a  point  of  time  at  which  the 
jar  will  be  without  any  electric  fluid,  either  on 
one  side  or  the  other-,  nay  more,  suppose  a  large 
jar  or  battery  to  be  discharged  by  nieahs  of  a  few 
inches  of  thin  wire,-  there  will  then  be  a  point  of 
time  at  ^hich  the  whole  quantity  of  electric  fluid,' 
which  constituted  the  charge,  must  be  cohtaihed 
in  a  piece  of  wircj  weighing  only  a  few  grains. 

Now,  if  it  be  considered,  that  time,  like  matter,^ 
is  infinitely  divisible,  may  we  not  rather  suppose, 
that  the  discharge  of.  a  jar  is  nothing  more  than 
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mi  inconceivable  rapid  succession  of  such  small 
quantities  as  may  be  ^nttofF,  without  causing 
such  a  destruction  of  the  equilibrium  as  the  la\v$ 
of  electricity  seem  not  to  admit.*  To  this  we 
may  add  from  other  experiments^  that  one  side  o( 
a  charged  electric  may  contain  more  of  one  power 
than  is  sufficient  to  balance  the  contrary  power 
on  the  other  side.  For,  if  a  charged  jar  is  insu- 
lated, and  the  discharge  is  made  by  a  discharger 
with  a  glass  handle,  after  the  explobion,  the  dis- 
charger and  both  sides  of  the  jar  will  possess  a 
c(witrary  power  to  that  obtained  on  the  side  of 
the  jar  which  was  touched  the  last  before  the  dis- 
charge. 


A  DESCRIPTION  OF  A  VERY  PORTABLE  OR 
POCKET  ELECTRICAIi  APPARATUS,  BY  THE 
EDITOR. 

"  Various  substances,  besides  glass,  have  becD 
used  by  electricians  for  the  excitation  or  collec* 
ticfh  of  the  electric  fluid:  in  a  large  machine, 
^lass  has  decidedly  the  prderence;  for  a  small 
af^paratus,  resin,  lack^  baked  wood,  silk,  brown 
paper,  fee.  Dr.  Ingtnhoazj  who  many  years  ago 
invented  die  gkss  plate  machine,  contrived  a 
portable  apparatus  for  diarging  a  small  phial  by 

*  Dr..  Cray's  paper,  Philos.  Tnuis,  part  J  at/  17«8. 
•   •       .  R  2 
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means  of  a  varnished  silk,  ribbon  exposed  to  the 
friction  of  a  rubber  attached  to  the  eitemal  coat- 
ing,  while  the  opposite  electricity  of  the  silk  was 
taken  off  by  a  metallic  part  communicating  with 
the  inside.  With  some  small  variation,  I  have  con- 
structed this  apparatus,  and  made  it  capable  of  a 
tolerable  strong  charge  or  accumulation  of  dec- 
tricity,  and  to  give  a  small  shock  to  one,  two, 
three,  or  a  greater  number  of  persons, 

Plate  5,  ^^.  99,  A  is  the  small  Ley  den  phial  or 
jar  that  holds  the  charge;  B  is  the  discharger,  to 
discharge  the  jar,  when  required,  without  electri- 
fying the  person  that  holds  it;  C  is  a  varnished 
ribbon  to  be  excited,  and  communicate  its  elec- 
tricity to  the  jar;  D  are  two  hare,  &c.  skin  rub- 
bers, which  are  to  be  placed  on  the  first  and 
middle  fingers  of  the  left  hand. 

To  charge  the  jar.  Place  the  two  finger-caps, 
D,  on  the  first  and  middle  finger  of  the  left 
band;  hold  tjie  jar.  A,  at  the  same  time  at  the 
edge  of  the  coating  on  the  outside,  between  the 
ttiumb  and  first  finger  of  the  same  hand;  then 
take  the  ribbon  in  your  right  band,  and  steadily 
and  gently  draw  it  upwards  between  the  two  rub- 
bersj  D,  on  the  two  fingers,  taking  care  at  the 
same  time  the  brass  ball  of  the  jar  is  kept  neariy 
close  to  the  ribbon,  while  it  is  passing  through 
the'  fingers.  By  repeating  this  operation  twelve 
or  fourteen  timosj,  the  electrical  fire  Will  pass  into 
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the  jar,  which  will  become  charged,  and  by 
placing  the  discharger,  C,  against  it,  as  shewn  in 
the  figure,  you  will  see  a  sensible  spark  pass  from 
the  ball  of  the  jar  to  that  of  the  discharger.  If 
the  apparatus  is  dry  and  in  good  order,  you  will 
hear  the  crakling  of  the  fire  when  the  ribbon  is 
passing  through  the  fingers,  and  the  jar  will  dis- 
charge at  the  distance  represented  in  the  figure. 

To  electrify  a  person.  You  must  desire  him  to 
.  take  the  jar  in  one  hand,  and  with  the  other  touch 
tjbe  knob  of  it;  or,  if  diversion  is  intended,  desire 
the  person  to  smell  at  the  knob  of  it,  in  expccta* 
tion  of  smelling  the  scent  of  a  rose  or  a  pink ;  thi;5 
last  mode  has  occasioned  it  sometimes  to  be  called 
the  magic  smelling  hotth. 

Mr.  Cavallo  describes  a  still  more  simple  ap- 
paratus  for  producing  the  electric  charge,  though 
not  so  portable  as  the  above,  which  he  calls  th^ 
self  charging  Leyden phialj  and  thus  describes : 

"  Take  a  glass  tube  of  about  eighteen  inches 
in  length,  and  an  inch,  or  an  inch  and  an  half,  in 
diameter.  It  is  immaterial  whether  one  of  its 
ends  be  closed  or  not.  Coat  the  inside  of  it  with 
tin-fpil,  but  only  from  one  open  extremity  of  it  to 
about  as  far  as  its  middle;  the  other  part,  which 
remains  uncoated,  we  shall  call  the  naked  part  of 
the  instrument.  Put  a  cork  to  the  aperture  of 
the   coated   end,    and  let  a  knobbed  wire  pass 
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through  the  cork,  and  come  in  contact  with  the 
eoating*     The  instrument  being  thus  prepared, 
hold  it  in  one  hand  by  the  naked  part,  and  with 
the  other  hand  clean  and  dry-rub  the  outside  of 
the  coated  part  of  the  tube;  but,  after  every  three 
Or  four  strokes,  you  must  remove  the  rubbing 
hand,  and  must  touch  the  knob  of  the  wire,  and 
in  so  doing  a  little  spark  will  be  drawn  from  it. 
By  this  means,  the  coated  end  of  the  tube  will 
gradually  acquire  a  charge,   which  may  be  in- 
creased to  a  considerable  degree.     If  then  you 
grasp  the  outside  of  the  coated  end  of  the  tube 
with  one  hand,  and  touch  the  knob  of  the  wire 
with  the  other  hand,  you  will  obtain  a  shock,  &c. 
"  In  this  experiment,  the  coated  part  of  the 
tube  answers  the  double  office  of  electrical  machine 
and  of  Leydcn  phial;  the  naked  part  of  it  being 
only'ii  sort  of  handle  to  hold  the  instrument  by. 
The  friction  on  the  outside  of  the  tube  accumu- 
lates a  quantity  of  positive  electricity  upon  it,  and 
this  electricity  in  virtue  of  its  sphere  of  action, 
forces  out  of  the  inside  a  quantity  of  electricity 
also  positive.     Then  by  taking  the  spark  from  the 
knob,  this  inside  electricity,  which  is  by  the  coat- 
ing communicated  to  the  knob  through  the  wire, 
is  removed,  consequently  the  inside  remains  un- 
der-charged or  negative,  and  of  course,  the  posi- 
tive electricity  of  the  outside  comes  closer  to  the 
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surface  of  tbeglass,  and  begins  to  form  the  charge. 
By  farther  rubbing  and  taking  the  spark  from  the 
kqoby  this  charge  is  increaaed.  Sec. 

'^  Instead  of  a  tube,  this  instrument  may  be 
constructed  with  a  pane  of  glass;  in  which  case  it 
will  be  rather  simpler,  but  it  cannot  be  managed 
so  easily,  nor  of  course  can  it  be  charged  so  high 
as  the  tube.  A  piece  of  tin-foil  must  be  pasted  in 
.the  middle  of  only  one  surface  of  the  pane,  leav^ 
ing  about  two  inches  and  an  half  or  three  inches 
of  uncoated  glass  all  round*  This  done,  hold  the 
glass  by  a  corner,  with  the  coated  side  from  you, 
and  with  the  other  hand  rub  its  uncoated  side, 
and  take  the  spark  from  the  tin-foil  alternately, 
until  you  think  that  the  glass  may  be  sufficiently 
charged;  then  lay  the  glass  with  its  uncoated  side 
flat  upon  one  open  hand,  and^  on.  touching  the 
tin-foil  with  the  other  hand,  you  will  receive  the 
shock." 

The  electric  power  of  a  charged  jar  may  be 
conveyed  to  any  distance,  and  its  effects  have 
been  found  to  be  instantaneous  in  going  through  a 
conducting  wire  of  several  miles,  which  connected 
the  two  coatings  of  a  jar;  but  it  is  somewhat 
weakened  by  the  length  of  the  circuit. 

For  mere  entertainmient,  a  person  might  be 
electrified  at  the  door  of  a  rpom  or  house.  A 
chain  or. wire  connected  with  the  outside  coating 
of  a  jar  should  sewetly  go  along  the  floor^  under 
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the  door,  and  lay  on  the  ground  close  to  the 
outside  of  the  door,  another  chain  or  wire  fast- 
ened at  one  end  to  the  knob  of  the  lock,  and  at 
the  other  end  to  an  insulated  wire  or  director. 
Then,  at  the  instant  of  the  person's  attempting  to 
open  the  door  by  his  hand  at  the  knob,  the  dis- 
charge of  the  jar  is  to  be  made  by  bringing  the 
insulated  wire  to  the  ball  of  the  jar;  the  fire  will 
pass  from  the  jar,  along  the  wire,  to  the  hand  of 
the  person,  and  through  him,  to  his  feet  and  the 
wire  on  the  ground  communicating  with  the  out- 
side of  the  jar;  and  thus  giving  him  the  shock. 

Electricity  has  been  thought  of  as  the  means  of 
conveying  a  very  quick  intelligence  from  one 
place  to  another.  For  this  purpose  Mr.  Cavalh 
has  made' several  experiments,  and  from  which 
probably  some  use  may  de  derived.  The  best 
means  he  found  was  by  inflammable  air;  and  the 
following  is  his  description  of  the  method  which 
he  found  to  succeed  best,  and  by  which  means 
gunpowder  or  other  combustibles  may  be  certainly 
fired  from  the  distance  of  two  or  three  hundred 
feet;  and  probably  from  a  much  greater  distance, 
without  danger  to  the  operator,  or  without  any 
loss  of  time;  for  the  inflammation  will  take  place 
at  the  moment  that  the  knob  of  the  charged  jar  is 
presented  to  the  extremity  of  the  long  wire. 

*^  The  inflammable  air  must  be  contained  in  a 
two  or  three  ounce  phial,   such  as  is  used  for 
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medicines^  which  must  be  prepared  in  the  follow- 
ing manner:  Turn  the  phial  with  the  bottom 
upwards,  and  by  striking  the  apex  of  the  conical 
cavity  with  a  pointed  thick  wire,  a  hole  will  be 
made  in  the  bottom  of  the  phial.  In  this  hole 
a  piece  of  thin  wire  must  be  cemented,  so  as  to 
project  about  an  inch  within  the  phial,  and  its 
external  part  must  be  bent  in  the  form  of  a  hook. 
A  very  sound  cork  must  be  fitted  to  the  mouth 
of  the  phial,  and  another  piece  of  thin  wire  must 
be  passed  through  it,  so  as  to  project  within  the 
jphial,  and  to  come  with  its  extremity  to  the  dis- 
tance of  about  the  fortieth  part  of  an  inch  from 
the  extremity  of  the  wire  that  proceeds  from  the 
bottom.  The  external  part  of  this  wire  In  tljc 
cork  should  be  about  two  or  three  foet  in  length. 
The  phial  being  thus  prepared,  remove  the  cork 
fiiom  it,  and  place  it  inverted  for  about  four  or 
five  seconds  of  time,  over  the  mouth  of  another 
large  phial  full  of  inflammable  air;  then  slip  it  ofi; 
and  cork  it  up  as  fast  as  you  can. ,  By  this  means 
a  certain  quantity,  of  inflammable  air  will  be  in- 
troduced, which,  by  mixing  with  the  Common  air 
contained  in  the  phial,  will  form  a  compound 
elastic  fluid,  which  is  so  ready  to  take  fire,  that, 
if  the  least  electric  spark  be  passed  from  wire  to 
wire  through  the  phial,  the  air  will  instantly  ex- 
plode^ ^nd  the  cork  will  be  pushed  out  of  it  with 
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violence.      The  long  wire  of  communication  is 
prepared  in  the  following  manner: 

"  A  piece  of  annealed  copper  or  brass  wire,  of 
about  a  fiftieth  or  fortieth  part  of  an  inch  in  dia- 
meter, being  stretched  from  one  side  of  a  room 
to  the  other,  heat  it  successively  from  one  end  to 
the  other  by  means  of  the  flame  of  a  candle,  or  of 
a  red-hot  piece  of  iron;  and,  as  you  proceed  with 
the  candle,  rub  a  lump  of  pitch  over  the  heated 
part  of  the  wire.  When  the  wire  has  been  thus  ^ 
covered  with  pitch,  a  slip  of  linen  rag  must  be 
put  round  it,  which  can  be  easily  made  to  adhere 
to  the  pitch,  and  over  this  rag  another  coat  of 
pitch  must  be  laid  with  a  brush,  the  pitch  being 
meltdd  in  a  pipkin  or  other  convenient  vessel. 
This  second  layer  of  pitch  must  be  covered  with 
a  slip  of  woolen  cloth,  which  must  be  fastened  by 
means  of  a  needle  and  thread.  Lastly,  the  clotb 
must  be  covered  with  a  thick  coat  of  oil  paint, 
and  when  the  paint  is  dry,  the  covered  wire  may 
be  used  for  the  experiment.  In  this  manner 
many  pieces  of  wire,  each  of  atiout  twenty  or 
thirty  feet  in  length,  may  be  prepared,  which  may 
afterwards  be  joined  together,  so  as  to  form  one 
continued  metallic  commutncation ;  but  care  must 
be  taken  to  secure  the  places  where  the  pieces  are 
joined,  which  is  most  readily  done  by  wrapping  a 
piece  of  oil-silk  over  the  painted  cloth,  round  the 
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two  contiguous  eKttemities,  and  binding  it  with 
thread.  When  a  long  wire  has*  besn  thus  made 
out  of  the  various  short  pieces,  let  one  end  of  it, 
purposely  left  out  beyond  the  forc-mentibned 
envelopes,  be  formed,  into  a  ring,  and  to  the  other 
extremity  adapt  a  small  brass  ball. 

**  In  order  to  perforin  the  experiment,  lay  the 
wire  upon  the  ground  in  any  direction,  fasten  the 
hooked  wire  of  the  phial  that  contains  the  inflam- 
mable air  to  the  ring  at  one  end  of  it,  and  push 
the  OKtremity  of  the  wire  that  comes  out  of  the 
cork  of  the  said  phial  about  an  inch  or  two  into 
the  ground.  Then,  if  you  bring  the  knob  of  a 
charged  Leyden  phial  in  contact  with  the  ball  at 
the  other  extremity  of  the  long  wire,  the  inflara- 

w 

mable  air  will  explode  immediately,  and  the  cork 
will  be  pushed  out  of  the  neck  of  the  phial. 

*'  For  this  purpose  a  Leyden  phial,  that  contains 
about  one  square  foot  of  cpated  surface,  will  be 
found  to  be  quite  sufficient,  when  the  distance 
between  the  operator  and  the  spot  in  which  the 
inflammation  is  to  take  place  does  not  exceed 
200  feet.  For  greater  distances  it  will  be  neces- 
sary to  use  Leyden  jars  of  proportionably  larger 
*sizc. 

"  Thus  we  have  shewn  how  inflammable  air  may 
be  fired;  but,  in  order  to  set  fire  to  gun-powder, 
the  only  addition  which  needs  be  made,  is  to 
surround   the  cork  and  neck  of  the  phitil  with 
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loose  cotton^  that  has  been  previously  filled  with 
pounded  gun^powder,  from  which  a  quick  match 
may  be  continued,  &c.  for,  when  the  cork  is 
pushed  out  of  the  neck  of  the  phial  by  the  explo^ 
sionof  the  inflammable  air,  a  flame  comes  out 
which  has  power  sufficient  to  set  fire  to  the  gun-r 
powder  in  the  cotton.  I  have  sometimes  put  a 
small  quantity  of  cotton  rubbed  in  gun-powder 
into  the  phial  of  inflammable  air,  besides  the 
cottou  on  the  outside;  but  it  is  by  no  means 
necessary^ 

^  The  only  inconyenieoce  which  I  have  found  to 
attend  the  above-described  method  is,  that  some- 
times the  very  nature  of  the  inflammable  air  in 
.the  phial  suffers  such  an  alteratjon  as  to  lose  its 
inflammability;  in  which  case  the  experiment  will 
not  be  attended  with  the  desired  effect.  But  this 
degeneration  of  the  inflammable  air  does  seldom, 
if  ever,  take  place  in  less  than  two  or  three  days, 
dnd  sometimes  not  even  in  a  fortnight;  so  that 
ope  may  be  sure  that  the  experiment  will  answer 
within  24  or  30  hours;  and  it  is  probable  that  it 
will  answer  within  two  or  three  days.  It  is  im-^ 
material  whether  the  phial  be  left  attached  to  the 
long  wire  on  the  ground  all  that  time,  or  be  fast* 
ened  to  it  the  moment  before  the  time  of  inflam- 
mation. 

^*  If  this  experiment  be  tried  without  any  inflame- 
mable  air  iu  the  phial,  the  only  effect  will  be,  that 
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a  .Epark  vill  be  $een  between  the  two  wires  in  tile 
phial  at  the  moment  that  the  charged  jar  is  ap- 
plied to  the  knobbed  end  of  the  long  wire.     By 
sending  a  number  of  sparks  at  different  intervals 
of  time,  according  to  a  settled  plan,  any  sort  of 
,     intelligence  might  be  conveyed  instantaneously 
irom  the  place  in  which  the  operator  stands  to  the 
other  place  ii>  which  the  phial  is  situated.     With 
nespect  to  the  greatest  distance  to  which  such 
communication  might  be  extended,  I  can  only 
,  fiay,  that  I  never  tried  the  experiment  with  a  wire 
of  communication  longer  than  about  230  feet; 
but,  from  the  results  of  "those  experiments,  and 
from  the  analogy  of  other  facts,  I  am  led  to  be* 
Ikve  that  the  fore-mentioned  sort  of  communica- 
fion  might  be  extended  to  two  or  three  miles,  and 
orobably  to  a  much  greater  distance/'* 
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CHAP.    XI. 


QF  THfi   EtBCTRICAL    BATTERY^    AND  THE  tA* 
TERAL  EXPLOSION  OP  CHARGED  JARS. 

To  increase  the  force  of  th^  dectric  explosion^ 
several  Leyden  jars  are  connected  together  in  a 
box;  this  collection  is  termed  an  electrical  bat- 
tery. Fij.  65  represents  one  of  the  most  approved 
form. 

The  bottom  of  the  box  is  covered  with  tin-foil^ 
to  connect  the  exterior  coatings;  the  inside  coat- 
ings of  the  jars  are  connected  by  the  wires' a,  b,  c, 
d,  e^  fj  which  meet  in  the  large  ball  A;  C  isa 
hook  at  the  bottom  of  the  box^'by  which  any 
substance  may  be  connected  with  the  outside 
coating  of  the  jars;  a  ball,  B,  proceeds  from  the 
inside,  by  which  the  circuit  may  be  conveniently 
completed.  The  following  precautions  are  ne- 
cessary to  be  attended  to  by  those  who  make  use 
of  an  electrical  battery. 

To  keep  the  top  and  uncoated  part  of  the  jars 
dry  and  free  from  dust ;  and,  after  the  explosion, 
to  connect  a  wire  from  the  hook  to  the  ball, 
which  should  be  left  there  till  the  battery  is  to  be 
charged  again,  which  will  totally  obviate  the  in- 
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conveniences  that  have  occa^onally  happened  from 
the  residuum  of  a  charge. 

If  one  jar  in  a  battery  is  broke,  it  is  impossible 
to  charge  the  rest  till  the  broken  jar  is  removed.* 

To  prevent  the  jars  of  a  large  battery  breaking 
at  the  time  of  the  explosion,  it  has  been  recom- 
mended not  to  discharge  a  battery  through  a 
good  conductor,  except  the  circuit  is  at  least  five 
feet  long;  but  what  is  gained  on  one  hand  by  this 
method,  is  lost  on  the  other;  for,  by  lengthening 
the  circuit,  the  force  of  the  shock  is  weakened 
proportionably. 

I  have  been  informed,  that  it  is  very  difficult 
to  break  by  an  explosion  the  jars  which  are  made 
of  green  glass,  fabricated  at  Newcastle,  but  have 
bad  no  opportunity  to  make  any  experiments  on 
this  glass  myself. 

The  force  of  a  battery  may  be  considerably 
increased  by  concentrating  the  spark  from  the 
explosion,  which  is  efiected  by  causing  it  to  pass^ 
through  small  circuits  of  non-conducting  sub- 
stances. By  this  means  the  resisting  medium, 
through  which  the  spark  is  to  pass,  may  be  so 
prepared  as  to  augment  its  power.  If  the  spark 
is  made  to  pass  through  a  hole  in  a  plate  of  glass, 

*  A  cracked  jar  may  be  made  to  receive  a  charge,  by  taking 
away  ihe  external  and  internal  coatings  which  were  over  the 
crack,  so  as  to  leave  a  space  of  about  one-fourth  of  aw  ingh 
between  the  crack  an  remaining  tin-foil. 


one-tweEfth  or  one-sixth  part  of  an  inch  in  dia* 
meter,  it  will  be  less  dissipated,  more  compact 
and  powefful.  If  the  part  round  the  hole  is 
wcttecl  with  a  little  water,  the  spark,  by  convert- 
ing this  into  vapour,  may  be  €onveyed  to  a  greater 
distance,  with  an  increase  of  rapidity^  attended 
with  a  louder  noise  than  common. 

Mr.  Morgan^  by  attending"  to  these,  and  some 
other  circumstances,  has  melted  wires,  &c.  with 
small  jars. 

Experiment  cliii.  To  make  wire  red  hot. 
Pass  the  charge  of  a  strong  battery  through  two 
or  three  inches  of  small  wire,  it  will  sometimes 
appear  red-hot,  first  at  the  positive  side,  arid  the 
redness  will  proceed  regularly  towards  the  other 
end* 

Experiment  cliv.  To  perforate  paper.  Dis- 
charge a  battery  through  a  quire  of  paper,  a  per- 
foration will  be  made  through  it;  each  of  the 
leaves  is  protruded  by  the  stroke  from  the  middle 
towards  the  outward  leaves^  as  if  the  fire  darted 
both  ways  from  the  center.  If  the  paper  is  very 
dry,  the  fire  meets  with  more  difficulty  in  its  pas- 
sage, and  the  hole  is  small.  If  that  part  of  thi^ 
paper,  through  which  the  explosion  is  made,  is 
wet,  the  hole  is  larger,  tlie  light  more  vivid,  and 
the  explosion  louder. 

Experiment  clv.  To  give  the  magneik poriver. 
The  discharge  of  a  battery  throiigli  a  small  steel 
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hecdle  will,  if  the  charge  is  sufficient^  communi- 
cate magnetism  to  the  needle. 

Experiment  clti.  To  inrvtrt  the  magnetic 
poles:  The  discharge  of  a  battery  through  a  small 
and  slender  magnetic  needle^  will  generally  de- 
stroy the  polarity  of  the  needle,  and  sorhetiraes 
invert  the  poles  thereof.  To  succeoi  in  this  ex- 
periment, it  is  often  necessary  to  pass  several 
strong  charges  through  the  needle,  before  it  is 
removed  from  the  circuit* 

It  appears  from  Beccarias  experiments,  that  the 

^.  magnetic  polarity,  which  is  communicated  to  the 

^^''  needle  by  electricity,  depends  on  the  position  of* 

the  needle  when  the  charge  is  sent  through  it, 

and  is  not  regulated  by  the  direction  of  the  elcc- 

trie  matter  in  entering  the  needle.  \ 

Experiment  clvh.  jliwood  on  electric  perfo- 
ration. Let  a  quire  of  paper  be  suspended  by  a 
^  line  in  the  manner  of  a  pendulum  from  any  con- 
venient altitude,  so  that  its  plane  may  be  vertical. 
Let  the  largest  charge  from  a  battery  be  caused^ to 
pass  through  it,  while  quiescent  in  an  hori;?ontal 
direction  perpendicular  to  the  plane,  the  rods  of 
communication  not  touching  the  paper.  The 
phenomena  are,  first,  the  aperture  heretofore 
mentioned,  the  leaves  being  protruded  both  ways 
from  the  middle:  second,  not  the  smallest  mo- 
tion is  communicated  to  the  paper  from  the  force 
of  the  discharge. 
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A  quire  of  the  thickest  and, strongest  paper  was 
made  use  of  for  this  experiment;  the  height  from 
which  it  was  suspended,  sixteen  feet.  It  is  an 
extraordinary  appearance  on  the  hypothesis  of  a 
single  electric  fluid,  that  a  force,  suflficient  to 
penetrate  a  solid  substance  of  great  tenacity  and 
cohesive  force,  should  not  communicate  the 
smallest  motion  to  the  paper,  when  a  breath  of 
air  would  cause  some  sensible  vibration  in  it. 
But  this  difficulty  is  not  unanswerable:  .  for  a 
velocity  may  be  assigned,  with  which  a  body  im- 
pinges against  and  passes  through  a  pendulum  of 
any  given  weight  and  resisting  force,  so  that  a 
smaller  angular  velocity  shall  be  communicated  to 
it,  than  any  that  shall  be  proposed;  and  we  know 
no  limit  to  the  velocity  of  the  electric  power  or 
powers.  But  the  other  phenomenon,  /.  e.  the 
opposite  direction  in  which  the  leaves  arc  pro- 
truded,  tends  very  much  to  strengthen  the  opi- 
nion of  two  opposite  currents.  Perhaps  either  of 
those  phenomena,  considered  simply,  may  admit 
of  an  easy  solution  from  the  hypothesis  of  a  single 
power;  when  they  are  taken  both  together,  it 
seems  more  difficult  to  reconcile  this  hypothesis 
with  matter  of  fact.* 

Experiment  clviii.    To  melt  a  wire.    Dis- 
charge a  battery  through  a  slender  piece  of  wire, 

♦  AKi'Oi)d\  Analysis, 


THB  ELECTRICAL  BATTERY.      37S 

tx.gr,  one-fiftieth  of  an  inch  in  diameter,  the 
wire  will  be  broken  to  pieces  or  melted,  so  as  to 
fall  on  the  table  in  glowing  balls. 

When  the  wire  is  melted  in  this  manner,  the 
sparks  fly  frequently  to  a  considerable  distance, 
being  scattered  by  the  explosion  in  all  directions. 

If  the  force  of  the  battery  is  very  great,  the 
wire  will  be  entirely  dispersed  by  the  force  of  the 
explosion.  Small  particles  of  such  substances  as 
cannot  be  easily  drawn  into  wire,  as  platina^ 
grain  gold,  ores,  &c.  may  be  placed  in  a  groove 
of  wax,  and  then  put  into  the  circuit;  if  a  dis<» 
charge  of  sufficient  strength  is  passed  through 
them,  they  will  be  melted. 

The  force,  by  which  wires  are  melted  by  a 
battery^  varies  with  the  length  of  the  circuit,  a$ 
the  fluid  meets  with  more  resistance  in  propor- 
tion as  the  passage  through  which  it  is  to  pass  is 
longer.  Dr.  Priestley  could  melt  nine  inches  of* 
small  iron  wire  at  the  distance  of  fifteen  (tet,  but 
at  twenty  feet  distance  he  could  only  make  six 
jnches  of  it  red-hot;  so  that  metals  resist  with 
considerable  force  the  passage  of  the  electric  fluids 
and  therefore  in  estimating  the  conducting  pow- 
ers of  different  substances,  their  length  must  be 
particularly  attended  to. 

Experiment  clix.  Inclose  a  very  slcndef 
wire  in  a  glass  tube,  discharge  a  battery  through 
this  wire,  and  it  will  be  thrown  into  globules  of' 

s  2 
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different  sizes,  which  may  be  collected  from  the 
inner  surface  of  the  tube:  they  are  often  found  to 
be  hollow,  and  little  more  than  the  scoria  of  the 
metal. 

Many  experiments  have  been  made,  in  order  to 
try  the  different  conducting  powers  of  metals,  by 
passing  the  discharge  of  a  battery  through  them; 
but  it  has  not  yet  been  determined,  whether  the 
greater  facility  with  which  some  metals  are  ex- 
ploded depends  on  the  ease  with  which  the  fluid 
passes  through  them,  or  whether  it  proceeds  from 
the  degree  of  resistance  they  make  to  its  passage, 
or  from  a  want  of  ductility  in  the  metal,  which  is 
therefore  less  capable  of  expansion. 

Experiment  clx.  Discharge  a  battery 
through  a  chain  which  is  laid  on  paper,  and  black 
marks  will  be  left  on  the  paper  in  those  places 
where  the  rings  of  the  chain  touch  each  other;  the 
rings  will  be  more  or  less  melted  at  those  places. 

Experiment  clxi.  To  sta'm  glass.  Take 
two  pieces  of  window  glass,  of  about  three  by  two 
inches;  place  a  slip  of  brass  or  gold  leaf  between 
them,  leaving  the  metallic  leaf  out  beyond  the 
glass  at  each  end ;  then  place  the  two  pieces  of 
glass  in  the  press  of  the  universal  discharger,  pL  2, 
Jig.  3,  bring  the  points  of  the  wires  ET,  EF, 
to  touch  the  ends  of  the  leaves,  and  pass  a  dis- 
charge through  them,  which  will  force  part  of  the 
metal  into  the  glass,  and  stain  it  with  a  colour 
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Y/hich  differs  from  the  metal  that  is  made  use  of. 
The  metallic  leaf  should  be  made  narrowest  in  the 
middle,  because  the  force  of  the  electric  fire  is  in 
proportion  to  its  density,  which  is  increased  when 
the  same  quantity  of  tire  is  compelled  to  pass 
through  fewer  conducting  particles. 

The  explosion  in  melting  the  strips  of  leaf^ 
gold,  &c.  renders  them  non-conducting  and  less 
capable  after  each  discharge  to  transmit  another. 
Some  particles  of  the  metal  are  driven  into  the 
glass,  which  is  really  melted;  those  parts  of  the 
metal  which  lie  contiguous  to  the  glass,  are  the 
most  perfectly  fused.  The  pieces  of  glass  which 
cover  the  slip  of  metal  are  generally  broken  to 
pieces  by  the  discharge. 

Experiment  clxii.  To  break  thick  pieces  of 
glass.  Place  a  thick  piece  of  glass  on  the  ivory 
plate  of  the  universal  discharger,  plate  2,  fg.  3, 
and  a  thick  piece  of  ivory  on  the  glass,  on  which 
a  weight  from  one  to  seven  pounds  is  to  be  placed; 
bring  the  points  of  the  wires,  EF,  ET,  against 

It 

the  edge  of  the  glass,  and  pass  the  discharge 
through  the  wires,  by  connecting  one  of  the 
wires,  as  E  F,  with  the  hook,  C,  of  the  battery, 
plate  4,  fig.  65,  and  forming  a  communication, 
when  the  battery  is  charged,  from  the  other  wire, 
ET,  to  the  ball,  and  the  glass  will  be  broken, 
and  some  part  of  it  shivered  to  an  impalpable  pow- 
der.    When  the  piece  of  glass  is  strong  enough 
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to  resist  the  shock,  the  glass  is  often  marked  by 
the  explosion  with  the  most  lively  and  beautiful 
C^olours.  I  have  been  informed  by  Mr.  Morgdtij 
that  if  the^  glass  is  cemented  down,  the  effect  is 
the  same  as  when  it  is  pressed  by  the  weights; 
and  this  mode  is  in  various  experiments  more 
convenient. 

Place  a  piece  of  very  dry  white  wood  between 
the  balls  of  the  universal  discharger,  the  fibres  of 
the  wood  to  be  in  the  same  direction  with  the 
wires,  pass  the  shock  through  them^  and  the 
wood  will  be  torn  to  pieces;  or  run  the  points 
into  the  wood,  and  then  pass  the  shock  through 
them. 

Experiment  clxiii.  To  raise  weights.  If 
the  discharge  is  passed  under  the  piece  of  ivory 
with  the  weights  upon  it,  without  any  glass  be- 
tween the  piece  of  ivory  and  the  table,  G  H,  of 
the  universal  discharger,  the  weights  will  be  lifted 
up  by  the  lateral  force  of  the  discharge:  the  num- 
l)cr  of  weights  must  be  proportioned  to  the  force 
of  the  explosion. 

Experiment  clxiv.  Lateral  explosion.  PLa^ 
fig.  66,  a  represents  an  insulated  rod,  nearly  touch* 
ing  a  charged  jar ;  b  is  another  insulated  rod,  placed 
in  a  line  with  and  near  to  the  former ;  make  the 
^  discharge  by  the  rod  r,  from  which  a  chain  bangs 
^at  does  not  touch  the  bottom  of  the  jar,  and  the 
]^d,  ^,  will  receive  an  electric  sp^rk^  which  auits 
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it  again  almost  in  the  same  instant^  because  the 
finest  threads  hung  upon  it  will  not  be  electrified 
by  the  spark. 

This  electrical  appearance,  without  the  circuit 
of  a  discharging  jar,  is  called  the  lateral  explosion. 

If  pieces  of  cork,  or  any  light  bodies,  be  placed 
near  the  explosion  of  a  jar  or  battery,  they  will 
be  moved  out  of  their  place  in  all  direction?  from 
the  center  of  the  explosion ;  and  the  greater  the 
force  of  the  explosion,  so  much  greater  will  the 
distance  be  to  which  they  are  removed.  It  is 
not  surprizing,  therefore,  that  heavy  bodies  should 
be  removed  to  considerable  distances  by  a  strong 
flash  of  lightning.  Dr.  Priestley  apprehends,  that 
this  species  of  lateral  force  is  produced  by  the 
explosion  of  the  air  from  the  place  through  which 
the  electric  discharge  passes. 

This  lateral  force  is  not  only  exerted  in  the 
neighbourhood  of  an  explosion,  when  it  is  made 
between  pieces  of  metal  in  the  open  air,  but  also 
when  it  is  transmitted  through  pieces  of  wire  that 
are  not  thick  enough  to  conduct  it  perfectly. 
The  smaller  the  wire  is,  and  the  greater  the  fu- 
sion, the  greater  is  the  dispersion  of  light  bodies 
near  it. 

Experiment  CLX  v.  Course  of  lateral  explosion. 
If  circuits,  different  in  length  and  of  different 
substances,  form  a  communication  between  two 
charged  surfaces  of  an  electric  plate,  it  is  ob- 
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served,  the  discharge  will  be  made  through  the 
best  conductors,  whatever  be  the  length  of  the 
others. 

2.  If  circuits  of  the  same  substance  be  different 
in  length,  the  discharge  will  be  made  through  the 
shortest  of  them. 

3.  If  the  circuits  be  the  same  in  every  respect, 
the  discharge  will  be  made  through  many  of  them 
at  the  same  time.* 

If  one  circuit  consists  of  undried  wood,  and  is 
of  considerable  length  in  comparison  of  another 
which  consists  of  metal,  the  discharge  will  be 
made  wholly  through  the  latter,  unless  the  charge 
should  be  very  great,  in  which  case  some  small 
part  will  pass  through  the  wood. 

If  a  short  metallic  rod  and  any  part  of  the  hu- 
man body  form  two  circuits  between  the  same 
charged  surfaces,,  the  discharge  will,  in  general, 
be  made  wholly  through  the  metallic  rod;  hut 
if  the  charge  is  very  great,  or  if  the  rod  is  very 
slender,  or  if  it  should  be  very  long,  in  either  of 
these  cases  the  discharge  may  be  perceived  to  pass 
through  that  part  of  the  body  which  forms  one  of 
the  circuits. 

This  will  be  the  case  when  the  charge  is  small; 
but  it  may  be  so  increased,  as  to  pass  through 
both  the  longer  and  shorter  circuits. '   • 

*  Akuocd's  Analysis,  p.  1 J  9,.  120. 


THB  ELECTKICAL  BATTE^Y^  ,  281 

I  have  been  informed  by  a  gentleman,  that  it 
was  his  custom  to  make  a  variety  of  circuits  for 
the  discharge  of  a  large  jar  or  battery;  and,  that 
having  a  sufficient  number  of  these,  he  could  in- 
troduce himself  into  one  of  them,  and  take  his 
part  of  the  shock  without  inconvenience — it  even 
was  not  disagreeable;  and  he  could  by  this  means 
lessen  the  sensation  almost  to  nothing. 

Experiment  clxvi.  Mr.  Henfey  made  a 
double  circuit,  *the  first  by  an  iron  bar,  one  inch 
and  an  half  in  diameter,  and  half  an  inch  thick; 
the ,  second,  by  four  feet  and  an  half  of  small 
chain.  On  discharging  a  jar,  containing  five 
hundred  square  inches  of  coated  surface,  the 
electricity  passed  in  both  circuits,  sparks  being 
visible  on  the  small  chain  in  many  places.  On 
making  the  discharge  of  three  jars,  containing 
together  sixteen  square  feet  of  coated  surface, 
through  three  different  chains  at  the  same  time, 
bright  spares  were  visible  in  them  all.  The 
chains  were  of  iron  and  brass,  of  very  different 
lengths;  the  shortest  ten  or  twelve  inches,  the 
longest  many  feet  in  length.  When  those  jars 
were  discharged  through  the  iron  bar  before- 
mentioned,  together  with  a  small  chain,  three- 
quarters  of  a  yard  in  length,  the  whole  chain  was 
illumined,  and  covered  throughout  with  beautiful 
rays,  like  bristles  or  golden  hair.  Having  placed 
a  large  jar  in  contact  with  the  prime  conductor, 
he  affixed  to  the  coating  of  it  an  iron  chain,  which 
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was  also  connected  with  a  plate  of  metal,  on  wbicb 
was  made  the  discharge  by  the  discharging  rod : 
thi^  done,  he  hooked  another  chain,  much  longer 
and  of  brass,  to  the  opposite  side  of  the  jar,  and 
brought  the  end  of  it  within  eight  inches  and  an 
half  of  the  metal  plate^  In  contact  with  this  end 
a  small  oak  stick  was  laid,  eight  inches  loo^, 
which  was  covered  with  saw-dust  of  fire  wood. 
On  making  the  dischai^  upon  the  plate,  both 
the  chains  were  luminous  through  their  whole 
lengths,  as  was  also  the  saw-dust,  which  was  co- 
vered by  a  streak  of  light,  making  a  very  {^easing 
appearance. 

At  the  glass-house  there  is  generally  made 
a  number  of  rods  of  glass,  about  one-quarter 
of  an  inch  diameter;  if  these  be  eKamined  nar* 
rowly,  several  of  them  will  be  found  tubular  a 
considerable  length;  the  diameter  of  the  cavity 
seldom  exceeds  the  200th  part  of  an  inch.  Se- 
lect and  break  off  the  tubular  part,  which  may  be 
filled  with  quicksilver  by  sucking,  care  being 
taken  that  no  moisture  previously  insinuates  it- 
self; the  tube  'will  then  be  prepared  for  the  ex-* 
periment. 

ExPEBiMENT  CLXvii.  ^Displosiott  of  tttercury^ 
Pass  the  shock  through  this  small  thread  of  quick- 
silver, which  will  be  instantly  disploded,  and  will 
break  or  split  the  tube  in  a  curious  manner.* 

*  Nicbohari^  Introdoction  to  Philosophy,  p.  413. 


THE  ELECTRICAL  BATTERY.  283 

* 

Experiment  clxviii.  Take  'a  glass  tube, 
the  bore  of  which  is  about  one-quarter  of  an  inch, 
fill  it  with  water,  and  stop  the  ends  with  cork, 
insert  two  wires  through  the  corks  into  the  tube, 
so  that  their  ends  may  nearly  touch,  make  the 
ends  of  the^e  part  of  a  circuit  from  a  battery ;  on 
the  discharge,  the  water  will  be  dispersed  in  every 
direction,  and  the  tube  blown  to  pieces  by  the 
discharge. 

The  electric  fluid,  like  common  fire,  converts 
the  water  into  an  highly  elastic  vapour.  Dr. 
Franklin^  on  repeating  this  experiment  with  ink, 
could  not  find  the  least  stain  upon  the  white  pa^ 
per  on  which  the  tube  had  been  placed.  Beccaria 
passed  the  shock  through  a  drop  of  water,  which 
Avas  supported  in  the  center  of  a  solid  glass  ball 
between  the  ends  of  two  iron  wires,  and  the  ball 
was  shivered  in  pieces  by  the  explosion.  On  this 
principle  he  contrived  what  he  calls  an  electrical 
mortar,  which  will  throw  a  small  leaden  ball  to 
the  distance  of  twenty  feet.  It  is  clear,  from  se- 
veral of  the  foregoing  experiments,  that  the  elec- 
tric fluid  endeavours  to  explode,  in  every  direc- 
tion, the  parts  of  the  resisting  substances  through 
which  it  passes. 

Experiment  clxix.  Electric  earthquake. 
Place  a  building,  which  is  formed  of  several  loose 
pieces  of  wood,  on  a  wet  board  in  the  middle  of  a 
large  bason  of  water,  let  the  electric  flash  from  a 
battery  be  made  to  pass  over  the  board,  or  over 
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the  water,  or  over  both ;  the  water  will  be  strongly 
agitated,  and  the  building  thrown  down.  The 
report  is  louder  than  when  the  explosion  passes 
only  through  the  air. 

The  electric  fluid  endeavours  to  pass  near  the 
surface  of  the  water,  where  it  meets  with  more 
resistance  than  if  it  is  forced  to  pass  through  it. 
This  partly  arises  from  the  power  the  electric  fluid 
has  of  raising  an  expansive  vapour  from  the  sur- 
fece  of  the  water,  which  drives  off^the  resisting  air. 

A  discharge  passed  over  the  surface  of  a  piece 
of  ice,  will  leave  on  it  small  unequal  cavities,  ex» 
hibiting  the  same  appearance  as  if  a  hot  chain  had 
been  placed  on  it. 

A  discharge  sent  through  a  green  leaf  tears  the 
surface  in  various  directions,  leaving  an  image  in 
miniature  of  some  of  the  effects  of  lightning.  A 
discharge  will  pass  to  a  certain  distance  over  spirit 
of  wine,  without  inflaming  it;  but,  if  the  distance 
is  increased,  it  will  set  it  on  fire.  From  hence  it 
appears,  that  the  facility  with  which  the  electric 
fire  is  transmitted  over  the  surfaces  of  moist  sub* 
stances,  depends  on  the  ease  with  which  they  arc 
turned  into  vapours. 

The  discharge,  in  melting  the  particles  of  me- 
tals, drives  into  its  passage  the  conducting  vapours 
which  arise  from  them ;  and  in  proportion  as  the 
parts  of  any  body  are  more  readily  driven  into 
vapour  or  dust,  the  spark  will  run  to  a  greater 
distance. 
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Experiment  clxx.  Wire  lengthened.  If  a 
wire  is  stretched  by  weights,  and  a  shock  is  sent 
through  it  that  wilt  render  it  red-hot,  it  is  found 
to  be  considerably  lengthened  after  the  discharge. 
When  the  wire  is  loose,  it  is  said  to  be  shortened 
by  the  explosion.* 

Experiment  clxxi.  If  a  long  narrow  trough 
of  water  is  made  part  of  the  circuit  in  the  dis- 
charge of  a  battery,  and  a  person  s  hand  ht  im- 
mersed in  the  water  at  the  time  of  the  explosion, 
he  will  fed  art  odd  vibration  in  the  water,  very 
different  from  an  electrical  shock.     The  quick 

/ 

N 

*  The  explosion  of  steel  wire  has  been  found  to  be  the  best 
znethod  of  measuring  electricity.  Mr.  CutbherUon  from  t  va- 
riety and  succession  of  experiments  has  proved,  that  the  quantity 
of  electricity  to  disperse  a  given  portion  of  wire  will  be  the  sam^^ 
even  though  the  charged  surface  should  be  greatly  varied  5  or, 
that  equal  quaQtities  of  electricity  in  the  form  of  a  charge  will 
cause  equal  lengths  of  the  same  steel  wire  to  explode,  whether 
the  jar  made  use  of  be  of  greater  or  less  capacity.  The  kind  of 
jar  made  use  of,  was  a  common  one  with  Lane%  electrometer,  its 
balU  being  at  a  fixed  distance,  as  shewn  at  a  h^  plate  5,  Jig,  86; 
^e  i^ire-was  of  steel  flattened,  such  ,as  used  for,  the  spring  of  the 
balance  in  watches,  about  ^^^  of  an  inch  in  breadth.  The  jar 
with  the  electrometer  w^  applied  to  the  conductor  3  a  brass  ball, 
supported  on  an  insulated  stand,  was  placed  so  as  to  receive  the 
explosion  from  the  jar:  from  this  ball  hung  a  small  piece  of  the 
ab^nre  wire,  oonfined  at  each  end  between  small  forceps,  and  the 
length  of  the  wire  five  inches.  Gradual  increases  of  the  interval 
or  length  of  spark  were  made,  till  the  charge  became  so  strong 
as  completely  to  ignite  the  wire.  The  length  of  the  explosive 
spark  was  J  inch.     See  Nicboison^  Journal,  vol.  ii.  p.  217. 

.   Edit. 


285  EXPERIMENTS  WITH  . 

Stroke  from  the  re-percussion  of  the  air  and  the 
vapour  is  communicated  to  the  hand  by  the  water, 
and  the  hand  receives  a  shock  similar  to  that  re- 
ceived by  a  ship  at  sea  during  an  earthquake.^ 

Experiment  clxxii.  Prisimhc  rings.  Placd 
a  plain  piece  of  metal  between  the  points  of  the 
:tiniversal  discharger,  pass  se\xral  explosions  of  a 
battery  through  the  wires,  and  the  discharges  will 
^gradually  form  on  the  metal  different  circles, 
beautifully  tinged  with  the  prismatic  colours. 
The  circles  appear  sooner,  and  are  closer  to  each 
other,  the  nearer  the  point  is  to  the  surface  of  the 
metal.  The  number  of  rings  or  circles  depend 
on  the  sharpness  of  the  point;  the  experiment 
therefore  succeeds  better  if  a  sharp  needle  is  fas- 
tened to  one  of  the  points  of  the  discharger. 

Several  very  curious  experiments  were  made  by 
Dr.  JFatson  and  others,  to  ascertain  the  distance 
to  which  the  electric  shock  might  be  conveyed, 
and  the  velocity  with  which  it  moves.  la  this 
first  experiment,  the  shock  was  given  and  spirits 
fired  by  the  electric  matter  which  had  been  con- 
veyed through  the  river  Thames.  In  the  next 
experiment,  the  electric  fluid  was  made  to  pas? 
through  a  circuit  of  two  miles,  crossing  the  New- 
river  twice,  going  over  several  gravel-pits,  and  a 
large  field.  It  was  afterwards  conveyed  through 
a  circuit  of  four  miles.  It  passed  over  these  spaces 
instantaneously  as  to  sense.  This  sensible  instan- 
taneity  in  the  motion  of  the  electric  fluid  was 
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ascertained  by  an  observer,  who,  though  in  the 
room  with  the  charged  jar,  was  at  the  same 
time  in  the  middle  of  a  circuit  of  two  miles,  and 
felt  himself  shocked  at  the  same  instant  he  saw 
the  jar  discharged. 

Notwithstanding  this  surprizing  velocity,  it  is 
certain  that  both  sides  of  a  charged  jar  may  be 
touched  so  quickly,  even  by  the  best  conductors, 
that  all  the  electric  matter  has  not  time  to  make 
the  circuit,  and  the  jar  will  remain  but  half  dis- 
charged; and  there  are  several  instances  where 
the  motion  appears  slow,  and  not  easily  reconcile- 
able  with  this  immeasurable  velocity;  and  it  is 
also  certain,  that  this  fluid  is  resisted  in  its  pas<- 
sagc  through  or  over  every  substance. 

The  wonderful  part  of  the  foregoing  experi- 
ments will  vanish,  if  we  admit  the  reasoning  of 
Dr.  Gray  and  Mr.  Folta  on  this  subject;  and 
the  reader  will  find  this  reasoning  considerably 
strengthened  by  experiments  of  Mr.  Atwood^  re- 
lated in  this  Essay,  though  it  must  be  owned, 
these  experiments  seem  to  lead  much  further,  and 
give  an  idea  of  the  direction  of  the  electric  fluid 
in  the  discharge  of  the  Leyden  jar,  which  differs 
altogether  from  the  received  theory. 
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ox     THE     DIFFUSION     AND     SUBDIVISIONS     Of 
FLUIDS    BY    ELECTRICITY. 

W^E  arc  chiefly  indebted  to  Abbe  Nollet  foi* 
what  is  known  on  the  subject  of  this  chapter, 
which  was  investigated  by  him  with  incredible 
industry  and  patience.  I  have  only  subjoined  the 
principal  result  of  his  experiments,  and  must  refer 
the  reader,  for  a  more  ample  account,  to  the 
Abbe's  own  writings,  or  Dr.  Priestley^  History 
of  Electricity. 

Electricity  augments  the  natural  evaporation  of 
fluids;  since,  excepting  mercury  and  oil,  all  the 
others  which  were  tried  suflfered  a  diminution  that 
could  not  be  ascribed  to  any.  other  cause  tbao 
electricity. 

It  increases  the  evaporation  of  those  fluids  most, 
which  naturally  tend  to  evaporate  readily.  Vola- 
tile spirits  of  sal-ammoniac  lost  more  than  spirit 
of  wine,  this  more  than  water^  &c. 

Electricity  acts  strongest  upon  the  fluids,  when 
the  vessels  which  contain  them  are  non-electrics. 
The  evaporation  was  greatest  in  the  most  open 
vessels,  but  did  not  increase  in  proportion  to  their 
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Apertures;     It  does  not  make  any  liquor  evaporate 
through  the  pores  either  of  metal  or  glass. 

To  extend  these  principles  further,  the  Abbe 
made  a  great  variety  of  experiments  on  electrified 
cajiillary  tubes,  and  found  that  the  stream  would 
be  sub-divided ;  but  it  is  not  sensibly  accelerated, 
if  the  tube  is  not  less  than  one-tenth  of  an  inch 
diameter  in  the  inside* 

Under  this  diameter,  if  the  tube  is  wide  enough    ' 
to   let  the  fluid  run  in  a  stream,  electricity  will 
accelerate  its  motion  in  a  small  degree. 

If  the  tube,  is  so  far  capillary,  that  the  water 
only  issues  from  it  in  drops,  the  electrified  jet 
becomes  a  continued  sti'cani;  it  will  even  be  di- 
vided into  several  smaller  ones,  and  its  motion  is 
considerably  accelerated;  the  smaller  the  diame- 
ter of  the  tube,  the  greater  is  the  acceleration. 
When  the  surface  is  wider  than  one- tenth  of  an 
inch,  electricity  seems  rather  to  retard  the  motion 
of  the  fluid. 

From  some  very  accurate  experiments  made  by 
M.  de  Saussure  with  his  new  hygrometer,  it  ap-. 
pears  that  the  foregoing  theory,- which  asserts  that 
electricity  always  promotes  evaporation,  is  only 
true  under  certain  restrictions.  It  increases  the 
evaporation  fronri  those  bodies  which  are  supersa- 
turated, but  docs  not  occasion  any  evaporation  in 
those  which  do  not  contain  a  siiperabounding 
quantity  of  water. 
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Experiment  clxxiii.  Ekcfrical  jet  ffeau. 
Fig.  J  J  represents  a  metal  phial,  to  which  a 
capillary  tube  is  adapted,  which  will  only  permit 
water  to  pass  through  it  in  interrupted  drops. 
Fill  the  pail  with  water,  and  suspend  it  from  the 
prime  conductor,  then  turn  the  cylinder,  and  the 
water  will  pass  through  the  tube  in  a  continued 
atream ;  this  will  separate  into  other  streams^  that 
will  appear  luminous  in  the  dark. 

Experiment  CLXxiv.  Suspend  one  pail  firom 
a  positive  conductor,  and  another  from  a  negative 
one,  so  that  the  ends  of  the  tubes  may  be  about 
three  or  four  inches  from  each  other,  and  the 
stream  proceeding  from  one  will  be  attracted  by 
that  which  issues  from  the  other,  and  form  one 
stream,  which  will  be  luminous  in  the  dark. 

If  the  pails  are  suspended  on  two  positive  or 
two  negative  conductors,  tlie  streams  will  recede 
from  each  other. 

Experiment  clxxv.  Electrical  stream  cfwa^- 
ier.  Plac6  a  metal  bason  on  an  insulating  stand, 
,and  connect  it  with  the  prime  conductor;  then 
pour  a  small  stream  of  water  into  the  bason, 
which  in  the  dai4s:  will  have  a  beautiful  appearance, 
as'  the  stream  will  be  divided  into  a  great  number 
of  lucid  drops. 

Experiment  clxxvi.  Electrified  spwfge. 
Dip  a  sponge  in  water,  and  then  suspend  it  from 
;he  conductor;    the  water,  which  before  only 
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dropped  from  it,  will  now  fdl  fast,  and  appear  in 
the  dark  like  fieryTain. 

EK^SRncBKT  CLKXvii.  Conttary  eff&cts  of 
electricity  informngjet  d^^aus.  Hold  a  pail,  wUch 
is  furnished  with  several  capillary  tubes  placed  in 
Tariotts  directions,  near  «n  electrified  conductor, 
and  the  water  wiH  stream  out  of  those  jets  near 
the  conductor,  while  it  will  only  4rop  at  intervals 
from  those  which  are  opposite  to  it. 

fixFfiRiMEKl*  CLXXiriii.  CoTitcal  drop  of  wa* 
4^r.  The  knob  of  a  charged  jar  will  attract  a 
drop  o(  wator  front  a  saucer^  &c.  This  drop,  tlm 
^noment  fl^e  jar  is  remov^  from  the  saucer^  as* 
Bomes  a  conical  shape,  and  if  it  is  brought  near 
any  conducting  substance,  it  is  driven  forcibly 
away  in  smadl  streams,  which  are  luminous  -in  th« 
dark. 

It  appears  by  this  experiment,  that  the  electrie 
fire  not  only  tends  to  separate  the  particles  of 
Water,  and  to  dissipate  them  into  vapour  as  com- 
mon fite,  but  that  it  elFects  this  with  uncommon 
tapidity. 

CKPeRiMBKT  CLXXiX.  Dtschotge  a  hatterjf 
fhrough  a  drop  of  'abater,  previously  placed  on  the 
knob  ofone  of  its  jars;  the  whole  will  be  instantly 
Exploded  into  vapour;  the  sparks  will  ^be  much 
longer  than  common,  and  more  compact. 

Beccaria  observes,  that  by  sending  a  discharge 
to  a  greater  or  less  distance,  through  one  or  mor^ 

T  1 
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drops  of  quicksilver,  the  discharge  difFuses  itself 
into  drops,  and  drives  them  into  vapour;  part  of  it 
rising  into  the  air  in  the  form  of  smoke,  the  other 
part  remains  on  the  glass. 

Experiment  clxxx.  A  drop  of  water  hang- 
ing from  the  cotidefising  ball  of  an  electrified  conduc^ 
tor,  will  stretch  towards  water  placed  in  a  cup 
under  it,  lengthening  and  shortening  itself  accord- 
ing.to  the  force  of  the  electricity. 

Experiment  c(.xxxi.  Zig-zag  sparks  from  a 
drop  of  water.  Place  a  drop  of  water  on  the  prime 
conductor,  turn  the  machine,  and  long  zig-zag 
sparks  may  be  taken  from  it;  the  drop  will  take  a 
conical  figure,  the  body  that  receives  the  spark 
will  be  wetted,  and  the  spark  will  be  considerably 
longer  than  can  be  obtained  from  the  conductor 
without  the  water.* 

Experiment  clxxxii.  Threads,  spun  from 
wax.  Stick  a  piece  of  sealing-wax  on  the  con- 
ductor, in  such  a  manner  that  it  may  be  easily 
set  on  fire  by  a  taper;  while  it  is  flaming  turn  the 
cylinder,  the  wax  will,  become  pointed  and  shoot 
out  an  almost  invisible  thread  into  the  air,  to  the 
length  of  a  yard  or  more.  If  tbe^filaments  that 
are  thrown  out  by  the  wax  are  received  on  a  sheet 
of  paper,  the  paper  will  be  covered  by  them  in  a 
very  curious  manner,  and  the  particles  of  the  wax 

*  Kichohons  Introduction  to  Philosophy. 
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will  be  so  far  subdivided  as  to  resemble  fine  Qot- 
lon.  To  fasten  the  piece  of  wax  conveniently  to 
the  conductor,  stick  it  first  on  a  small  piece  of 
paper,  then  twist  the  end  of  the  paper  so  as  to 
fit  one  of  the  holes  which  are  made  in  the  prime 
conductor;  when  it  is  thus  placed,  it  may  be 
readily  fired  by  a  taper. 

Experiment  clxxxiii.  EJectrtcal  fomtain. 
Insulate  a  fountain  made  by  condensed  air,  and 
which  emits  only  one  stream;  elecfrify  the  foun- 
tain, and  the  stream  will  be  separated  into  a  great 
number;  these  vwill  diffuse  themselves  equally 
over  a  large  space  of  ground.  By  layirig  a  finger 
upon  the  conductor,  and  taking  it  off  again,  the 
operator  may  command  either  the  single  stream  or 
the  divided  one,  at  pleasure. 

Experiment  clxxxiv.  Electrify  two  small 
insulated  fountains  with  the  different  electric 
powers;  the  streams  of  both  will  be  dispersed  into 
very  minute  particles,  which  will  run  together  at 
the  top,  and  come  down  in  heavy  drops,  like  a 
shower  of  rain. 
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Take  a  tall  dry  receiver,  and  insert  in  the  top 
with  cement  a  wire  with  a  roundt:d  end,  then 
exhaust  the  receiver,  and  present  the  knob  of  the 
wire  to  the  conductor,  and  every  spark  will  pass 
through  the  vacuum  in  a  broad  stream  of  light 
visible  the  whole  length  of  the  receiver,  moving 
with  regularity,  unless  it  is  solicited  and  bent  out 
of  its  way  by  some  non-electric,   then  dividing 
itself  into  a  variety  of  beautiful  rivulets,  which  arq 
continually  dividing  and  uniting  in  a  most  pleas- 
ing manner.     If  the  vessel  is  grasped  by  the  handj 
at  every  spark  a  pulsation  is  felt,  like  that  of  an 
artery,  and  the  fire  bends  itself  towards  the  hand« 
This  pulsation  is  even  felt  at  some  distance  from 
the  receiver,  and  in  the  dark  a  light  is  seen  be- . 
tween  the  hands  and  the  glass,     The  streams  of 
light  pass  silently  through  the  receiver,  becaasc 
the  air  is  removed,  by  whose  vibration  sound  is 
produced. 

From   some  experiments  made  several   years 
3ince  by  Mr,  If^ikony  with  an  excellent  air-pump 


o£  Mr.  Smeaion,  he  obeerved  that  very  ssiall  dif- 
ferenced of  air  oocaflioaed  ver^  material  differences 
m  the  Innunoufi  e^ctfr  ptoducod  by  the  electric 
fluid;  for,  when  all  the  air  was  taken  out  of  the 
receiver,  which  this  pump  at  that  time  was  capar 
ble  of  extracting,  no  ekctric  light  waa  visible  in 
the  doHi.  Upon  letting  in  a  little  air  by  a  stop* 
coek,  a  faint!  dcctnc  light  was  visible;  and,  by 
letting  in  a  littl6  more  air,  increased  the  light, 
which  again  decreased  on  letting  in  more  air;  till 
at  last,  on  admittittg  great  quantities,  it  entirely 
vanished.  By  this  experiment  it  appeared,  that  a 
certain  limited  quantity  of  air  was  necessary  to 
occasion  the  greatest  luminous  efiect, 

ExPBBiMBXT  ciixxxvi.  Nq  refulsive  power 
in  the  particles  of  eleciriciiy^  Fig.  82  represents 
an  exhausted  receiver  standing  on  the  plate  of  an 
air-pump;  ahj  an  electrified  wire  discharging  a 
stream,  b  ^,  of  the  electric  fluid  on  the  plate  of  the 
air«>pump^  If  the  stratum  of  air  on  the  outside  of 
the  receiver  be  lessened  by  the  application  of  the 
finger  to  the  receiver,  and  by  this  means  an  op* 
portunity  be  given  to  the  fluid  on  the  outside  to 
escape,  the  fluid  within  will  be  impelled  to  that 
part,  as  at  d  ef 

It  has  been  inferred  from  this  experiment,  that 
no  repulsive  power  exists  between  the  particles  of 
the  electric  fluid;  because^  if  it  was  in  itself  really 
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elastic,  or  endowed  with  a  repulsive  power  of  ita 
own^  it  is  not  probable  it  could  pass  in  an  unin- 
terrupted stream,  as  at  be,  when  the  resistance 
was  taken  off;  it  would  then  spread  wider,  and 
display  its  elastic  power. 

It  is  more  consistent,  says  Dn  Watson^  to  sup-» 
pose  that  the  repulsion  of  these  particles,  which  is 
seen  in  the  open  air,  is  occasioned  by  the  resis-- 
tance  of  the  air,  and  not  by  any  natural  tendency 

« 

of  the  electricity  itself. 

By  considering  the  experiments  made  with  the 
electric  fluid  in  vacuo,  we  attain  a  clear  idea  of 
the  resistance  the  air  continually  makes  to  its  pas- 
sage, and  see  that  the  divergence  of  its  rays  is  not 
to  be  attributed  to  an  imaginary  repulsion,  but  to 
the  resistance  of  the  ambient  air;  for  the  diver- 
gence ceases  and  the  rays  unite,  when  this  resis- 
tance is  removed. 

Experiment  clxxxvii.  Before  the  air  was 
exhausted  from  the  receiver,  if  the  wire  at  the  top 
of  it  was  electrified,  a  diverging  bnish  proceeded 
from  it  about  an  inch  long,  but  little  of  the  fluid 
passing  ofl^,  and  even  that  little  requiring  a  strong 
impulsive  force  to  push  it  forward.  On  exhaust*- 
ing  the  receiver,  the  following  changes  took  place: 
first,  the  rays  of  the  brush  became  longer;  se- 
condly, the  rays  diverged  less,  were  fewer  in  num^ 
bcr,  and  the  size  of  the  remaining  rays  was  in* 
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creased;  thirdly,  they  all  united  at  last,  and 
formed  a  continued  column  of  light,  from  the  wire 
td  the  plate  of  the  air-pump. 

From  this  exp^rimenf  it  is  clear,  that  the  air  Is 
the  agent  by  which,  with  the  assistance  of  other 
electrics,  we  are  able  to  communicate  electricity 
to  electrics,  as  well  as  non-electrics;  for,  when 
this  is  removed,  the  fluid  pervades  the  vacuum, 
and  flies  off  to  a  considerable  distance, 

ExPEjiiMEXT  CLXxxviii,  To  distinguish  wUk 
great  accuracy  the  changes  in  the  form  and  length  of 
the  electric  spark  when  it  is  passing  through  a  re^ 
ceiver,  the  air  of  which  is  more  or  less  rarefied. 
Fix  a  ball  to  the  rod,  let  another  proceed  from  the 
plate  of  the  air-pump;  the  balls  are  to  be  placed 
about  one  inch  from  each  other.  When  the  va- 
cuum is  good,  a  single  uniform  ray  of  a  purple 
colour  passes  from  one  l)all  to  the  other;  but  in 
proportion  as  the  air  is  admitted,  the  ray  acquires 
a  quivering  motion,  which  indicates  that  a  resis- 
tance  to  its  motion  then  begins,  and  this  inter^ 
ruption  is  followed  by  a  division  of  the  ray  or 
stream;  the  ray  now  acquires  a  more  vivid  light; 
and,  lastly,  it  becomes  the  common  spark,  which 
is  emitted  with  greater  or.less  facility,  in  propor- 
tion to  the  power  of  the  machine  and  the  resis- 
tance of  the  air.  * 

Experiment  clxxxix.  Aurora  borealis.  Pre- 
sent a  thin  exhausted  flask  similar  to  that  repre- 
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sented  at  E,  Jig.  4iQy  \)ut  without  any  coating  oa 
Ihe  outside,  to  the  conductor,  and  the  jar  wittba 
luminous  from  end  to  end;  and,  when  taken  fiom 
the  conductor,  will  continue  himinous,  moving  in 
i^aribu»  curvilinear  directions  for  a  considerable 
lime^  flashing  at  intervals  in  a  manner  which  very 
much  resembles  the  Aurora  Borealis.  The  light 
stay  be  revived,  by  passing  the  flask  thfxmgh  tha 
liand*  The  stroke  of  the  fluid  against  the  glasB  is 
Tcry  sensibly  heard  and  felt  in  this  experiment. 

The  desLuous  motions  of  the  electric  fluid  ia  an 
cxl^auated  receiver  may,  in  some  degree,  be  pro- 
duced at  pleasure.  By  wetting  tbe  outside  of  the 
feceiver,  the  fire  will  follow  the  direction  of  the 
wetted  line,  as  the  resistance  is  now  lessened  on 
one  side;  and  the  i|re  can  adhere  and  accumiH 
late  itself  on  the  inside  of  the  receiver,  because, 
by  means  of  the  dampness,  it  can  expel  a  portion 
irom  the  outside. 

This  experiment  may  be  exhibited  very  plca$h 
ingly,  by  making  a  Torricellian  vacuum  in  a  glass 
tube  about  three  feet  long,  and  then  sealed  her- 
metically.  Hdd  one  end  of  this  tube  in  the 
hand,  and  apply  the  other  to  the  conductor,  anj 
immediately  the  whole  tube  wiU  be  illuminated 
from  end  to  end,  and  will  continue  so  for  a  consi-f 
derable  time  after  it  is  removed  from  the  condiic^^ 
tor,  flashing  at  intervals  for  many  hours. 


CxPBRrMBiCT  cxc.  Lu9nmot4S  jet9  (^  Jlre^ 
^lew  on  a  ball,  of  about  an  inch  diameter,  to  the 
^cod  of  the  plate  of  the  collar  of  leather  of  an  air« 
pump;  place  th»  on  a  tall  receiver;  connect  tl!M 
/exterior  part  of  the  nxf  with  the  conductor;  placd 
some  cylindrical  pieces  of  metal  on  the  plate  of 
the  pump;  then  exhaust  the  receiver  in  part,  and 
:rreetrify  the  rod  at  intervals,  and  luminous  jets  oK 
fire,  like  fulm^inating  meteors,  will  fly  from  the 
boll  to  the  cylinders  of  metal. 

ExPSBiMBNT  cxci.  Another  beautiful  sp* 
pevance  may  be  produced  in  the  dark,  by  insert* 
itkg  a  small  Leyden  jar  into  the  neck  of  a  tall 
receiver,  so  that  the  outward  coating  may  be 
^exposed  to  the  vacuum^  Exhaust  the  receiver,  and 
then  charge  the  jar,  and  at  every  spark  which  passes 
from  t^e  conductor  to  the  inside,  a  flash  of  light 
is  seen  to  dart  fh)m  every  part  of  the  external  sur- 
fyce  of  the  jar,  so  as  to  fill  the  receiver.  Upon 
matLing  the  discharge,  the  light  is  seen  to  return 
in  a  close  body. 

ExpEBiMENT  cxcii.  Electrified  barometer. 
yA  veiy  perfect  vacuum  for  the  passage  of  the  elec- 
tric fluid  may  be  made  by  a  double  barometer,  or 
long  bent  tube  of  glass  filled  with  mercury  and 
inverted,  each  leg  standing  in  a  bason  of  mercury; 
the  bent  part  of  the  tube  above  the  mercury  forms 
fk  complete  vacuum.    If  a  jar  is  discharged  through 


300  OP  THE  ELECTRIC 

this  space,  the  light  appears  uniform  through  the 
whole  space,  but  is  most  vivid  when  the  discharges 
are  strong.  Dr.  fVatson  insulated  this  apparatus, 
and  then  made  one  of  the  basons  of  mercury 
communicate  with  the  conductor,  and  touched 
the  other  with  a  non-electric;  the  electric  fluid 
pervaded  the  vacuum  in  a  continued  flame,  with- 
out any  divergence;  when  one  of  the  basons  was 
connected  with  the  insulated  cushion,  the  fire 
appeared  to  pervade  the  vacuum  in  a  different  di- 
rection. 

ExPERiMEMfT  cxciii.  Fig.  83  represents  a 
glass  tube,  such  as  is  generally  used  for  barome- 
ters; oi>  the  end,  by  a  steel  cap  is  cemented,  Jroin 
which  a  wire  and  ball,  c  d,  proceed  into  the  tube. 
Fill  this  tube  with  quicksilver,  and  then,  by  send- 
ing up  a  large  bubble  of  air,  and  repeatedly  in- 
verting the  tube,  free  the  quicksilver  and  iron  ball 
from  air,  according  to  the  ordinary  mode  of  filling 
barometers ;  then  place  a  small  drop  of  ether  on 
the  quicksilver,  and  put  the  finger  on  the  end  of 
the  glass  tube,  and  insert  the  end,  /,  in  a  bason  of 
quicksilver,  taking  care  not  to  remove  the  finger 
from  the  end  of  the  tube,  till  the  end  is  immerged 
half  an  inch  under  the  silver.  When  the  finger  is 
removed,  the  quicksilver  will  descend,  and  the 
ether  will  expand  itself,  lessen  the'  vacuum,  and 
depress  the  mercuxy  in  the  tube :  now  present  the 
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metallic  top  of  the  tube  to  a  large  charged  con- 
ductor, and  a  beautiful  green  spark  will  pass 
from  the  tall  to  the  quicksilver.  By  admitting 
a  §mall  quantity  of  air  into  the  vacuum,  an  ap- 
pearance something  similar  to  a  falling  star  is  . 
obtained. 

ExPERiMRNT  cxciv.  Cuvallo  on  electric  ap^ 
pearances  in  vacuo.  Place  the  brass  cap  of  a  well 
exhausted  receiver  at  about  half  an  inch  from  the 
prime  conductor,  so  that  when  the  machine  is  in 
action,  sparks  may  pass  from  the  conductor  to  the 
brass  cap  of  the  receiver.  Mr.  Cavallo,  in  relat- 
ing the  circumstances  attending  an  experiment  of 
this  kind  made  by  him,  observes,  that  when  the 
receiver  was  exhausted,  the  spark  passed  from  the 
cap  to  the  plate  of  the  punip  through  the  receiver, 
illuminating  its  whole  cavity;  that  the  vacuum 
became  a  better  conductor  of  electricity  ia  pro- 
portion as  it  was  more  perfect,  and  that  the  elec- 
tric light  was  more  equally  difFased,  but  it  was  by 
no  means  faint  when  the  receiver  was  exhausted  to 
the  utmost.  The  light  changed  according  as  the 
receiver  was  more  or  less  exhausted.  The  ap- 
pearances were  as  follow: 


•Od  UOI^l&XH^S  tXTt^niUl^JXTB 
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When  the  gage  shewed 


AFPEARAKCEa  OF   THE   ELEC' 
OEGRBE  dP  RAKEFACTIOV^  TRIG    LIGHT    WITHIN    THE 

»S  SHEWK  BT  THE  GAGE.  RECEIVER. 

n.         £  J  /Light  in  large,  long,  but 

Air  rarefied  40  times,  <      j-  •  j   i    . 

^    (^     divided  streams. 

jFine  diffused  light  of  a 
\    white  coloun 

g  rBcaatiful   diffused    light 

j^jQ  J      inclining  to  a  red  or 

purple,  and  filling  the 
whole  receiver. 

^A    diffused    light   filled 

the  utmost  degree  of  J     ^^"^^^  '^^   '^^^*'^^^^> 
Ci^haustion,  1      it  had  hardly  any  red- 

L    dish  hue.* 

See  also  Experiments  il3,  113,  mi,  122,  of 

<[his  Essay,  for  further  observations  on  the  appear- 
ance of  the  electric  light  in  vacuos 


.     AXPI^RIMSNTS    ON    ELECTBTIC    LIGHT^    tt 

MB.  WILLIAM  MORGAN. 

i .  There  is  no  fluid  or  solid  body,  in  its  passage 
through  which  the  electric  fluid  may  not  be  made 
luminous;  in  water^^  spirit,  oil,  animal  fluids  of  all 

r 

*  Phil.  Trans.  toI.  Ixxiii.  part  u.  p.  451. 


kinds,  the  discharge  of  a  Leyden  jar  of  abnoflt  zsxf 
size  will  appear  very  splendid,  provided  we  take 
care  to  place  them  in  the  circuit,  so  that  the  fluid 
may  not  pass  tliroagh  too  great  a  quantity  of 
them.  The  general  method  is,  to  place  the  fi\xA 
on  which  the  experiment  is  to  be  made,  in  a  tul>e 
three  quarters  of  an  inch  in  diameter  and  four 
inches  long;  stop  up  the  orifices  df  the  tube  with' 
two  corks,  through  which  push  two  pointed  wires, 
so  that  the  points  may  approach  within  one^tghth 
of  an  inch  to  eacli  other;  the  fluid,  in  passing 
through  the  interval  wWch  iK^parates  th6  wires, 
is  always  luminous,  if  a  force  be  used  ^sufficiently 
strong;  the  glass  tube,  if  not  very  thick,  always 
breaks  when  this  experiment  auceeeds^  To  make 
the  passage  of  the  Auids  luminous  ifi  the  acids, 
£hey  must  be  placed  in  capillary  tubes,  and  two 
wires  introduced,  as  in  the  preceding  experiment, 
whose  'points  shall  be  very  near  each  other.  It  is 
«  well-known  fact,  that  the  discharge  of  a  small 
Leydeti  jar,  in  passing  over  a  strip  of  gold,  silver, 
or  Dutch  metal  leaf,  will  appear  very  luminous. 
%'  conveying  the  contents  of  a  jar,  measuring  two 
gallons,  over  a  strip  of  gold  leaf  one-eighth  of  an 
inch  in  diameter  and  a  yard  long,  it  will  fre- 
quently give  the  whole  a  dazzling  brightness. 
We  may  give  this  experiment  a  curious  diversity, 
by  laying  the  gold  or  silver  leaf  on  a  piece  of 
glass,   and  then  placing  the  ^lass  in  water;  it^ 
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the  whole  gold  leaf  will  appear  most  brilliant^ 
'  '  luminous  in  the  water,  by  exposing  it  thus  cir- 
cumstanced to  the  explosion  of  a  battery. 

2.  The  difficulty  of  making  any  quantity  of  the 
electric  fluid  luminous  in  any  body,  increases  as 
the  conducting  power  of  that  body  increases. 

In  order  to  make  the  contents  of  a  jar  lumi- 
nous in  boiling  water,  a  much  higher  charge  \& 
necessary  than  would  be  sufficient  to  make  it 
luminous  in  cold  water,  which  is  universally  al- 
lowed to  be  the  worst  conductor* 

There  are  various  reasons  for  believing  the 
acids  to  be  very  good  conductors;  if,  therefore, 
*  into  a  tube  filled  with  water,  and  circumstanced 
as  has  been  already  described,  a  few  drops  of 
either  of  the  mineral  acids  are  poured,  it  will  be 
almost  impossible  to  make  the  fluid  luminous  in 
its  passage  through  the  tube. 

If  a  string,  whose  diameter  is  one-eighth  of  an 
inch,  and  whose  length  is  six  or  eight  inches,  is 
moistened  with  water,  the  contents  of  a  jar  will 
pass  through  it  luminously;  but  no  such  appear- 
ance can  be  produced  by  any  charge  of  the  same 
jar,  provided  the  same  string  be  moistened  with 
one  of  the  mineral  acids.  To  the  preceding  io- 
stancc  we  may  add  the  various  instances  of  me- 
tals, which  will  conduct  the  electrical  fluid  with- 
out any  appearance  of  light,  in  circumstances  the 
same  with  those  in  which  the  same  (brcc  would 
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})aVe  appeared  luminous  in  passing  through  other 
bodies,  whose  conducting  power  is  less. 

3.  That  the  ease  with  which  the  electrical  fluid 
is  rendered  luminous  in  any  particular  body,  is . 
increased  by  increasing  the  rarity  of  the  body. 
The  appearance  of  a  sparky  or  of  the  discharge  of 
a  Leydcn  jar  in  rarefied  air,  is  well  known.,  But 
vre  need  not  rest  the  truth  of  the  preceding  obser- 
vation on  the  several  varieties  of  this  fact;  similar 
phenomena  attend  the  rarefaction  of  ether^  of 
spirit  of  wine^  and  o^  water. 

Ex PJSRIMBNT  cxcv.  Spark  in  rarefied  waler^ 
Sprit  of  wine  j  ether,  ami  acids.  Into  the  orifice  of  a 
tube,  48  inches  long,  and  two- thirds  of  an  inch  in 
diameter,  cement  an  iron  ball,  so  as  to  bear  the 
tveight  which  presses  upon  it  when  the  tube  is 
filled  with  quicksilver,  leaving  only  an  interval  at 
the  open  end,  which  contained  a  few  drops  of 
water.  Having  inverted  the  tube,  and  plunged 
the  open  end  of  it  into  a  bason  of  mercury,  the 
mercury  in  the  tube  stood  nearly  half  an  inch 
lower  than  it  did  in  a  barometer  at  the  same  in- 
stant, owing  to  the  vapour  which  was  formed  by 
the  water.  But  through  this  rarefied  water,  the 
electrical  spark  passed  as  luminously  as  it  does 
through  air  equally  rarefied* 

If>  instead  of  water,  a  few  drops  of  spirit  of  wine 
arc  placed  on  the  surface  of  the  mei-cury,  phcno- 
snciqa  similar  to  those  of  the  preceding  experiment 


306  morgan's  experiments 

will  be  discovered,  with  this  difference  only,  thaft 
as  the  vapour  in  this  case  is  more  dense,  the  elec* 
trical  spark  in  its  passage  through  it  is  not  quite  so 
luminous  as  it  is  in  the  vapour  of  water. 

Good  ether,  substituted  in  the  room  of  the  spirit 
of  wine,  will  press  the  mercury  down  so  low  as  the 
height  of  16  or  17  incnes.  The  electrical  fluid  in 
passing  through  this  vapour,  unless  the  force  be 
very  great  indeed,  is  scarcely  luminous;  but,  if 
the  pressure  on  the  surface  of  the  mercury  in  the 
bason  be  gradually  lessened  by  the  aid  of  an  air- 
pump,  the  vapour  will  become  more  and  more 
rare,  and  the  electric  spark,  in  passing  through  it, 
more  and  more  luminous. 

It  has  not  been  discovered,  that  any  vapour 
docs  escape  from  the  mineral  acids  when  exposed 
in  vacuo;  to  give  them  therefore  greater  rarity  or 
tenuity,  different  methods  are  found  necessary. 
With  a  fine  camel-hair  pencil  dipped  in  the  vitri- 
olic, the  nitrous,  or  the  marine  acid,  draw  upon  a 
piece  of  glass  a  line  about  one*eighth  of  an  inch 
broad;  in  some  instances  you  must  extend  this 
line  to  the  length  of  27  inches,  and  you  will  find 
that  the  contents  of  an  electric  battery,  consisting 
of  ten  pint  jars  coated,  will  pass  over  the  whole 
length  of  this  line  with  the  greatest  brilliancy* 
If,  by  widening  the  line  or  by  laying  on  a  drop  of 
the  acid,  its  quantity  be  increased  in  any  parti- 
cular part,  the  charge  in  passing  through  that  part 
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Will  not  appear  luminous.  Water  or  spirit  of 
wine,  circumstanced  simifarly  to  the  acids  in  the 
preceding  experiments,  will  be  attended  with  si- 
milar>  but  not  equal  effects;  because^  in  conse* 
quince  of  the  inferiority  of  their  conducting 
power ^  it  will  be  necessary  to  make  the  line 
through  which  the  charge  passes  considerably 
shorter. 

4.  The  brilliancy  or  splendor  of  the  electric 
fluids  in  its  passage  through  any  body,  is  always 
'increased  by  liesscning  the  dimensions  of  that  body; 
that  is,  a  spark)  or  the  discharge  of  a  battery^  which 
we  might  suppose  equal  to  a  sphere  one-quarter  of 
an  inch  in  diameter,  will  appear  much  more  bril- 
liant if  the  same  quantity  o(  fluid  is  compressed 
into  a  sphere  one-eighth  of  an  inch  in  diameter. 
This  observation  id  the  obvious  consequence  of 
many  known  facts;  if  the  machitie  be  large  enough 
to  afford  a  spark  whose  length  is  nine  or  ten 
inches,  this  spark  may  be  seen  sometinries  forming 
itself  into  a  brush,  in  which  state  it  occupies  more 
room  but  appears  very  faintly  luminous;  at  other 
times,  the  same  spark  may  be  seen  dividing  itself 
into  a  variety  of  raniifications,  which  shoot  into  the 
surrounding  arr^  In  this  case  likewise,  the  fluid 
is  difTused  over  a  large  surface^  and  in  proportion 
to  the  extent  of  that  surface,  so  is  the  faintness  of 
the  appearance.  A  spark,  which  in  the  open  air 
cannot  exceed  one-quarter  of  an  inch  in  diameter^ 


•  ^ 


308  M0ROAN  S  £XP£RIMBNT9 

will  appear  to  fill  the  whole  of  an  exhausted  re- 
ceiver four  inches  wide  and  eight  inches  long: 
but,  in  the  former  case  it  is  brilliant,  and  in  the 
latter  it  grows  fainter  and  fainter,  as  the  size  of 
the  receiver  increases.  This  observation  is  further 
proved  by  the  following  experiments. 

ExPEKiMKXT  cxcvi.  To  an  insulated  ball 
four  inches  in  diameter,  fix  a  silver  thread  about 
four  yards  long.  This  thread,  at  the  end  which 
IS  remotest  from  the  ball,  must  be  fixed  to  another 
insulated  substance.  Bring  the  ball  within  the 
striking  distance  of  a  conductor,  and  the  spark, 
in  passing  from  the  conductor  to  the  ball,  will 
appear  very  brilliant;  the  whole  length  of  the 
silver  thread  will  be  faintly  luminous  at  the  same 
i-nstant.  When  the  spark  is  confined  wkhiti  the 
dimensions  of  a  sphere  one-eighth  of  an  inch  in 
diameter,  it  will  be  bright;  but  when  diffused 
over  the  surface  of  air  which  received  it  from  the 
thread,  its  light  will  be  so  faint  as  to  be  seen  only 
in  a  dark  room.  If  you  lessen  the  surface  of  air 
which  receives  the  spark,  by  shortening  the  thread, 
it  will  not  fail  to  increase  the  brightness  of  fhe 
appearance. 

Experiment  cxctii.  To  prove  that  the 
faiiitness  of  the  electric  light  in  vacuo  depends  on 
the  enlarged  dimensions  of  the  space  through 
which  it  is  diffused,  we  have  nothing  more  to  do 
than  to  introduce  Jtwo  pointed  wires »into  the  va- 
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caum,  so  that  the  fluid  mfiy  pass  from  the  point 
of  the  one  to  the  point  of  the  other;  when  the 
distance  between  them  is  not  more  than  the  one- 
tenth  of  an  inch,  in  this  case  we  shall  find  a  bril^ 
liancy  as  great  as  in  the  open  air. 

Experiment  cxcviii.  Into  a  Torricellian 
yacuum,  36  inches  long,  convey  as  much  air  as 
will  fill  two  inches  only  of  the  exhausted  tube,  if 
it  were  inverted  in  water;  this  quantity  of  air  will 
afford  resistance  enough  to  condense  the  fluid,  as 
it  passes  through  the  tube,  into  a  spark  38  inches 
in  length.  The  brilliancy  of  the  spark  in  con- 
densed air,  in  water,  and  in  all  substances  through 
which  it  passes  with  difficulty,  depends  on  princi- 
ples similar  to  those  which  account  for  the  pre- 
ceding facts. 

5.  That,  in  the  appearances  *  of  electricity,  as 
well  as  in  those  of  burning  bodies,  there  are  cases 
in  which  all  the  rays  of  light  do  not  escape;  and 
that  the  most  refrangible  rays  are  those  which 
escape  first  or  most  easily.  The  electrical  brush 
is  always  of  a  purple  or  bluish  hue.  If  you  con- 
vey a  spark  through  a  Torricellian  vacuum,  made 
without  boiling  the  mercury  in  the  tube,  the 
brush  will  display  the  indigo  rays.  The  spark 
however  may  be  divided  and  weakened,  even  in 
the  open  air,  so  as  to  yield  the  most  refrangible 
rays  only. 
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Experiment  cxcix.  To  an  insulated  me-» 
tallic  ball  four  inches  in  diameter,  fix  a  wire  a  foot 
and  an  half  long;  this^  wire  sjbould  terminate  in 
four  ramifications,  each  of  which  must  be  fixed  to 
a  metallic  ball  half  an  inch  in  diameter,  and  placed 
at  an  equal  distance  from  a  metallic  plate,  which 
must  be  communicated  by  metallic  conductors 
with  the  ground.  A  powerful  spark,  after  falling 
on  the  large  ball  at  one  extremity  of  the  wire,  will 
be  divided  iii  its  passage  from  the  four  small  balls 
to  the  metallic  plate.  When  you  examine  the 
division  of  the  fluid  in  a  dark  room,  you  will  dis* 
cover  some  little  ramifications,  which  will  yield 
the  indigo  rays  only :  indeed,  at  the  edges  of  all 
weak  sparks  the  same  purple  appearance  may  be 
discovered.  You  may  likewise  observe,  that  the 
nearer  you  approach  the  center  of  the  spark,  the 
greater  is  the  brilliancy  of  its  colour. 

6.  That  the  influence  of  difi^erent  media  on 
electrical  ligh^,  is  analogous  to  their  influence  on 
solar  light,  and  will  help  us  to  account  for  some 
very  singular  appearances. 

Experiment  cc.  Let  a  pointed  wire,  having 
a  metallic  ball  fixed  to  one  end  of  its  extremities, 
be  forced  obliquely  into  a  piece  of  wood,  so  as  to 
make  a  small  angle  with  the  surface  of  the  wood, 
and  to  make  the  point  lie  about  one-eighth  of  an 
inch  bjclow  the  surface;  let  another  pointed  wire 
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"vriiicb  cotnmunicates  with  the  ground,  be  fbrced 
in  the  same  manner  into  the  same  wood,  so  that 
its  point  likewise  may  lie  about  one-eighth  of  an 
inch  below  the  surface,  and  about  two  inches  <li»- 
tant  from  the  point  of  the  first  wire.  Let  the 
wood  be  insulated,  and  a  strong  spark,  which 
strikes  on  the  metallic  ball,  will  force  its  passage 
through  the  interval  of  wood  which  lies  between 
the  points,  and  appear  as  red  as  blood.  To  prove 
that  this  appearance  depends  on  the  wood's  ab* 
sorption  of  all  the  rays  but  the  red;  when  these 
points  were  deepest  below  the  surface,  the  red 
only  came  to  the  eye  through  a  prism;  when  they 
were  raised  a  little  nearer  the  surface,  the  red  and 
orange  appeared;  when  nearer  still,  the  yellow; 
and  so  on,  till  by  making  the  spark  pass  through 
the  wood  very  near  its  surface,  all  the  rays  were 
at  length  able  to  reach  the  eye.  If  the  points  be 
only  one-eighth  of  an  inch  below  the  surface  of 
soft  deal  wood,  the  red,  the  orange,  and  the  yellow 
rays  will  appear,  as  the  spark  passes  through  it< 
but,  when  the  points  are  at  an  equal  depth  in  a 
harder  piece  of  wood,  •  such  as  box,  the  yellow, 
and  perhaps  the  orange,  will  disappear.  As  a 
farther  proof  that  the  phenomena  thus  described 
are  owing  to  the  interposition  of  the  wood,  as  a 
medium  which  absorbs  some  of  the  rays,  and  suf- 
iers  others  to  escape,  it  may  be  observed,  that 
when  the  spark  strikes  very  brilliantly  on  one  side 
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of  the  piece  of  deal,  on  the  other  side  it  will  Bp^ 
pear  very  red.  In  like  manner,  a  red  appearanco 
may  be  given  to  a  spark  which  strikes  brilliantly 
over  the  inside  of  a  tube,  merely  by  spreading 
some  pitch  very  thinly  over  the  outside  of  tb© 
same  tube. 

Experiment  cci.  If  into  a  Torricellian  va- 
cuum of  any  length  a  few  drops  of  ether  are  con- 
veyed, and  both  ends  of  the  vacuum  are  stopped 
up  with  metallic  conductors,  sd  that  a  spark  may 
pass  through  it;  the  spark  in  its  passage  will  as- 
sume  the  following  appearances  3  when  the  eye  is 
placed  close  to  the  tube,  the  spark  will  appear 
perfectly  white;  if  the  eye  is  removed  to  the  dis- 
tance of  si^  or  seven  yards,  the  colour  of  the  spark 
will  be  reddish.  These  changes  evidently  depend 
on  the  quantity  of  medium  through  which  tho 
light  passes;  such  as  the  red  light  from  a  distant 
candle  or  beclouded  sun. 

Experiment  ecu.  Dr.  Priestley  long  ago 
observed  the  red  appearance  of  the  spark  when 
passing  through  inflammable  air;  but  this  appear- 
ance is  very  much  diversified^  by  the  quantity  of 
medium  through  which  you  look  at  the  spark; 
w*hen  at  a  very  considerable  distance,  the  recj 
comes  to  the  eye  unmixed;  but  if  the  eye  is 
placed  close  to  the  tube,  the  spark  appears  white 
and  brilliant.  In  confirmation,  however,  of  some 
of  these  conclusions,  yon  must  observe,  that  hf 
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increasing  the  Quantity  of  fluid  wfaicb  is  conveyed 
through  any  portion  of  inflammable  air^  or  by^ 
condensing  that  air,  the  spark  may  be  entirely 
deprived  of  its  red  appearance,  and  made  perfectly 
brilliant.  All  weak  explosions  and  sparks,  when 
viewed  at  a  distance^  bear  a  reddish  hue.  Such 
are  the  explosions  which  have  passed  through 
water,  spirit  of  wine,  or  any  bad  conductor,  when 
confined  in  a  tube  whose  diameter  is  not  more 
than  an  inch.  The '  reason  of  these  appearances 
seem  to  be,  that  the  weaker  the  spark  or  explosioa 
}s,  the  less  is  the  light  which  escapes^  and  the 
more  visible  the  effect  of  any  medium,  which  has 
a  power  to  absorb  some  of  that  light* 

Chalk,  oyster-shells,  together  with  those  phos* 
phone  bodies,  whose  goodness  has  been  very, 
much  impaired  by  long  keeping,  when  finely 
powdered,  and  placed  within  the  circuit  of  an 
electrical  battery,  will  exhibit  by  their  scattered 
particles  a  shower  of  light;  but  these  particles  will 
appear  reddish,  or  their  phosphoric  power  will 
be  sufficient  only  to  detain  the  yellow,  orange, 
and  red  rays.  When  spirit  of  wine  is  in  a  similar 
manner  brought  within  the  circuit  of  a  battery,  a 
similar  effect  may  be  discovered;  its  particles 
diverge  in  several  directions,  displaying  a  most 
beautiful  golden  appearance.  The  metallic  calcea. 
are,  of  all  bodies,  those  which  are  rendered  phos^ 
phoric  with  the  greatest  difficulty ;  but  even  thesa 
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may  be  scattered  into  a  shower  of  red  luminous 
particles  by  the  electric  stroke* 


ELECTRICAL  EXPERIMENTS,  MAP^E  IN  OR-r 
PER  TO  ASCERTAIN  THE  NON-CONDUCTINQ 
POWEE  OF  A  PERFECT  VACUUM,  &C,  BY 
MR.  WILLIAM  MORGAN* 

The  non-conducting  power  of  a  perfect  vacuum 
IS  a  fact  in  electricity  which  has  been  much  con-> 
troverted  among  philosophers.  The  experiments 
made  by  Mr.  IValsh^  F.  R.  S.  in  the  double  baro- 
meter tube,  clearly  demonstrated  the  impermea- 
bility of  the  electric  light  through  a  vacuum ;  nor 
was  it,  I  think,  precipitate  to  conclude  from  them 
the  impermeability  of^  the  electric  fluid  itself. 
But  this  conclusion  has  not  been  universally  ad- 
mitted, and  the  following  experiments  were  made 
with  the  view  of  determining  its  truth  or  fallacy. 
,  A  mercurial  gage,  B,  plate  Ijjig.  14,  about  fif- 
teen inches  long,  carefully  and  accurately  boiled 
till  every  particle  of  air  was  expelled  from  the 
inside,  was  coated  with  tin-foil  five  inches  down 
fi'om  its  sealed  end,  A,  and  being  inverted  into 
mercury  through  a  perforation,  D,  m  the  brass 
cap,  E,  which  covered  the  mouth  of  the  cistern,  H, 
the  whole  was  cemented  together,  and  the  air  was 
exhausted  from  the  inside  of  the  cistern  through  a 
valve,  C,  in  the  brass  cap,  E,  just  mentioned; 
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which,  producing  a  perfect  vacuum  in  the  gage,  B, 
afforded  an  instrument  peculiarly  vvell  adapted  for, 
experiments  of  this   kind*      Things  being  thus' 

■  adjusted,  a  small  wire,  F,  having  been  previously 
£xed  on  the  inside  of  the  cistern,  to  form  a  com- 
munication between  the  brass  cap,  E,  and  the 
mercury,  G,  into  which  ihe  gage  was  inverted, 
the  coated  end,  A,  was  applied  to  the  conductor 
of  an  electrical  machine;  and,  notwithstanding 
every  effort,  neither  the  smallest  ray  of  light  nor 
the  slightest  charge  coul<3  ever  be  procured  in  this 
exhausted  gage.  It  is  well  known,  that  if  a  glass 
tube  be  exhausted  by  an  air-pump,  and  coated  on 
the  outside,  both ,  light  an4  charge  may  very  rea- 
dily be  procured.  If  the  mercury  in  the  gage  be 
imperfectly  boiled,  the  experiment  will  not  suc- 
ceed; but  the  colour  of  the  electric  light,  which 
in  air  rarefied  by  an  exhauster  is  always  violet  or 
purple,  appears  in  this  case  of  a  beautiful  green ; 
and,  what  is  very  curious,  the  degree  of  the  air's 
rarefaction  may  be  nearly  determined  by  this 
means.  There  have  been  instances  known  in  a 
course  of  experiments,  where  a  small  particle  of 

'air  having  found  its  way  into  thje  tube,  B,  the 
electric  light  became  visible,  and,  as  usual,  of  a 
green  colour;  but,  the  charge  being  often  re- 
peated, the  gage  has  at  length  cracked  at  its 
sealed  end,  and  in  consequence  the  external  air, 
]}y  being  admitted  into  the  inside,  has  gradually 
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produced  a  change  m  the  electric  Kgbt^  from 
green  to  blue,  ,from  blue  to  mdigo,  and  so  on  to 
vicJet  and  purple^  till  the  medium  has  at  last  be- 
come  so  dense,  as  no  longer  to  be  a  conductor  of 
electricity.  There  can  be  little  doubt,  from  the  * 
above  experiments,  of  the  non-conductmg  power 
of  a  perfect  vacuum ;  and  this  &ct  is  still  more 
Strongly  confirmed  by  the  phenomena  which  ap- 
pear upon  the  admission  of  a  very  minute  particle 
of  air  into  the  inside  of  the  gage.  In  this  case, 
the  whole  becomes  immediately  luminous  upon 
the  slightest  application  of  electricity,  and  a  charge 
takes  place,  which  continues  to  grow  more  and 
more  powerful,  in  proportion  as  fresh  air  is  ad- 
mitted, till  the  density  of  the  conducting  medium 
arrives  at  its  maximum,  which  it  always  does  when 
the  colour  of  the  electric  light  is  indigo  or  violet* 
under  these  circumstances,  the  charge  may  be  so 
far  increased,  as  frequently  to  break  the  glass.  In 
some  tubes  which  have  not  been  completely  boiled 
they  will  not  conduct  the  electric  fluid,  when  the 
mercury  is  fallen  vefy  low  in  them ;  yet,  upon  let- 
ting air  into  the  cistern  H,  so  that  the  mercury 
^all  rise  in  the  gage  B,  the  electric  fluid,  which 
was  before  latent  in  the  inside,  shall  now  become 
visible,  and,  as  the  mercury  continues  to  rise,  and 
of  consequence  the  medium  is  rendered  less  rare, 
the  light  shall  grow  more  and  more  visible,  and 
the  gage  shall  at  last  be  charged,  notwithstanding 
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it  has  not  been  neAr  an  electrical  machine  for  two 
or  three  days.  This  seems  to  prove,  that  there  is 
a  limit  even  in  the  rarefaction  of  air,  which  sets 
bounds  to  its  conducting  po^^rer;  or,  in  other 
words,  that  the  particles  of  air  may  be  so  far  sepa- 
rated from  each  other,  as  no  longer  to  be  able  to 
transmit  the  electric  fluid;  that  if  they  are  brought 
>\ithin  a  certain  distance  of  each  other,  their  con- 
ducting power  begins,  and  continually  increases, 
till  their  approach  also  arrives  at  its  limit;  when 
the  particles  again  become  so  near,  as  to  resist  the 
particles  of  the  fluid  entirely  without  employing 
violence,  which  is  the  case  in  common  and  con- 
densed air,  but  more  particularly  in  the  latter* 

It  is  surprizing  to  observe,  how  readily  an  ex- 
hausted tube  is  charged  with  electricity.  By 
placing  it  at  ten  or  twelve  inches  from  the  con- 
ductor, the  light  may  be  seen  pervading  its  inside, 
and  as  strong  a  charge  may  sometimes  be  pro- 
cured, as  if  it  were  in  contact  with  the  conductor. 
Nor  does  it  signify  how  narrow  the  bore  of  the 
glass  may  be;  for,  even  a  thermometer  tube,  hav- 
ing the  minutest  perforation  possible,  will  charge 
with  the  utmost  facility;  and  in  this  experiment 
the  phenomena  are  peculiarly  beautiful. 

Let  one  end  of  a  thermometer  tube  be  sealed 
hermetically;  let  the  other  end  be  cemented  into 
a  brass  cap  with  a  valve,  or  into  a  brass  cock,  so 
that  it  may  be  fitted  to  the  plate  of  an  air-pump: 
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when  it  is  exhausted,  let  the  sealed  end  be  appliea 
to  the  conductor  of  an  electrical  machine,  while 
the  other  end  is  either  held  in  the  hand,  or  con- 
nected to  the  floor.  Upon  the  slightest  excita^ 
lion,  the  electric  fluid  will  accumylate  at  the 
scaled  cnd^  and  be  discharged  through  the  inside 
in  the  form  of  a  spark;  and  this  accumulation  and 
discharge  may  be  incessantly  rcpoatcd,  till  the  tube 
is  broken.  By  this  me^ms,  a  spark  42  inched  long 
may  be  procured;  and,  if  a  proper  tube  could  bo 
found,  we  might  have  a  spark  three  or  four  times 
that  length :  if,  instead  of  the  scaled  end,-  a  bulb 
be  blown  at  the  extremity  of  the  tube,  the  electric 
light  will  fill  the  whole  of  that  bulb,- and  then  pass 
through  the  tube  in  the  form  of  a  brilliant  ^ptirk^ 
as  in  the  foregoing  experiment;  though  in  this 
case  the  charge,  after  a  few  trials,  will  make  a 
small  perforation  in  the  bulb.  If,  again>  a  ther* 
mometer  filled  with  mercury  be  inverted  into  a 
cistern,  and  the  air  exhausted  in  the  nianner  be- 
fore described  for  making  tlie  experiment  with 
the  gage,  the  Torricellian  vacuum  will  be  pro- 
duced; and  now  the  electric  light  in  the  bulb,  as 
well  as  the  spark  in  the  tube,  will  be  of  a  vivid 
green;  but  the  bulb  will  not  bear  a  frequent  re- 
petition of  charges,  before  it  is  perforated  in  like 
manner  as  when  it  has  been  exhausted  by  an  air- 
pump.  It  can  hardly  be  necessary  to  ofiserve^ 
that  in  these  cases  the  electric  fluid  assumes  th« 
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appearance  of  a  spark,*  from  the  narrowness  of 
the  passage  through  which  it  forces  its  way.  If  a 
tube  40  inches  long  be  fixed  into  a  globe  eight  or 
nine  inches  in  diameter^  and  the  whole  be  ex- 
hausted^ the  electric  fiuid^  after  passing  in  the 
form  of  a  brilliant  spark  through  the  length  of  the 
tube,  will,  when  it  gets  into  the  inside  of  the 
globe,  expand  itself  in  all  directions,  entirely  fill- 
ing it  with  a  violet  and  purple  light,  and  exhibit- 
ing a  striking  instance  of  the  vast  elasticity  of  the 
electric  fluid. 

Mr,  Brook's  method  of  making  mercurial  gages 
is  nearly  as  follows.  Let  a  glass  tube,  L,  ^g.  ]  5, 
sealed  hcnnetically  at  one  end,  be  bent  into  a 
right  angle  wkhin  two  or  three  inches  of  the 
other  end:  at  the  distance  of  about  an  inch  or 
less  from  the  angle,  let  a  bulb,  K,  of  about  three- 
quarters  of  an  inch  in  diameter,  be  blown  in  the 
curved  end,  and  let  the.  remainder  of  this  part  of 
the  tube  be  drawn  out  as  to  I,  so  as.  to  be  suffi- 
ciently long  to  take  hold  of,  when  the  mercury 
is  boiling.  The  bulb,  K,  is  designed  as^  a  recep- 
tacle for  the  mercury,  to  prevent  its  boiling  over,. 
and  the  bent  figure  of  the  tube  is  adapted  for  its 
inversion  into  the  cistern;  for,  by  breaking  off 
the  tube  at  M,  within  one-eighth  or  one-fourth 

» 

*  By  cementing  the  string  of  a  guittar  into*  one  end  of  a 
thermometer  tube,  a  spark  may  \k  obtained,  as  well  as  if  tht 
tube  had  been  sealed  hermetically. 
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of  an  inch  of  the  angle,  the  open  end  of  the  gagd 
may  be  held  perpendicular  to  the  horizon^  when 
it  is  dipped  into  the  mercury  in  the  cistern^  mth- 
out  obliging  us  to  bring  our  finger,  or  any  other 
substance,  into  contact  with  the  mercury  in  the 
gage,  which  never  fails  to  render  the  instrument 
imperfect.  It  is  necessary  to  obsenre,  that  if  the 
tube  be  fourteen  or  fifteen  inches  long,  it  will  be 
necessary  to  boil  it  for  three  or  four  hours;  nor 
will  it  even  then  succeed,  unless  the  greatest  at- 
tention be  paid  that  no  bubbles  of  air  lurk  behind^ 
which  will  fi-equently  happen,  if  the  tube  be  not 
made  very  dry  before  the  mercury  is  put  into  it. 
If  this  caution  be  not  observed,  the  instrument 
can  never  be  made  perfect. 
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CHAP.    XIV. 


On  THE  INFLUENCE  OP  POINTED   CONDUCTORS 

FOR  BUtLDlNGSi 

The  importance  of  electricity,  as  well  as  its  uni- 
versal agency,  becomes  more  conspicuous  in  pro- 
portion as  our  acquaintance  with  it  increases. 
We  find  no  substance  in  nature  which  is  not  acted 
on  by  it,  either  as  a  conductor  or  non-conductor; 
^  and  discover,  that  the  surprizing  phenomena  of 
thunder  and  lightning  owe  their  origin  to,  and  are 
of  the  sanie  nature  with  it.  Very  little  progress 
had  been  made  in  electricity,  when  the  analogy 
between  the  electric  spark  and  lightning  was  dis- 
covered: but  the  sublime  idea  of  realizing  these 
conjectures,  and  proving  that  the  fire  which 
flashes  in  the  sky  is  the  same  agent  which  explodes 
and  gives  a  shock  in  our  experiments,  was  given 
to  Dr.  Franklin;  who  also  first  suggested  the  uti- 
lity of  pointed  conductors  of  metal,  to  preserve 
buildings  from  the  dreadful  effects  of  lightniifg; 
an  idea  which  was  received  with  general  appla^isc 
and  approbation.  Since  this  period,  many  elec- 
tricians have  been  induced  to  change  their  opinion 
relative  to  the  utility  of  these  conductors;  and 
among  those  who  understand  the  subject  well,  it 
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has  been  disputed,  whether  the  preference  should 
be  given  to  a  conductor  with  a  pointed  end,  or 
to  one  which  has  an  obtuse  termination. 

The  experiments  which  have  been  made  on 
this  subject  are  very  numerous;  but  the  greater 
part  appear  to  me  very  inconclusive,  and  present 
only  a  very  partial  view  of  the  subject.  Among 
these,  we  may  reckon  those  in  which  different 
substances  have  been  introduced,  to  represent  the 
action  of  conductors  on  clouds;  since  the  various 
substances  made  use  of  in  these  experiments,  were 
cohering  masses,  in  which  they  differ  essentially 
from  the  clouds  which  float  in  the  air.  It  appears 
also,  from  many  instances,  that  lightning  does  not 
pass  in  one  undivided  track,  but  that  neighbour- 
ing bodies  carry  off  their  share,  according  to  their 
c]uantity  and  conducting  power. 

A  pointed  conductor,  which  communicates  with 
the  earth,  has  not  any  particular  power  of  attract- 
ing electricity,  and  acts  only  as  any  other  con- 
ducting substance,  which  does  not  resist  the 
passage  of  the  electric  fluid. 

It  is  true,  that  electricity  passes  with  more  ease 
from  an  electrified  body  to  a  conductor  which  is 
pointed,  than  to  one  which  is  flat  or  globular; 
because,  in  this  case,  the  elasticity  of  the  electric 
fluid  and  its  power  to  break  through  the  air  are 
weakened  by  the  flat  surface,  which  acquires  a 
contrary  electricity,   and  compensates  the  dimi- 


bP  l^OlNTKb  COKl^tJdtOKSi  323 

hisbed  intensity  more  than  a  point  can;  the  poiiit 
being  easily  retidcrcd  negative,  while  the  effort  of 
the  fluid  to  escape  from  the  electrified  body  is 
greater  th^ti  when  it  is  opposed  by  a  flat  surface. 
Bo  that  it  is  not  the  particular  property  of  a  pointy 
or  flat,  but  the  different  state  of  the  electrified 
body>  which  causes  it  to  part  with  Its  electricity 
easier;  and  fj'om  a  greater  distance^  when  a 
pointed  conducting  substance  is  presented  to.  it^. 
than  it  does  to  a  flat  or  globular  conductor.* 

The  capacity  of  conductors  to  hold  electricity 
is  in  proportion  to  the  surfaces  which  are  free  or 
uninfluenced  by  a  similar  atmosphere;  a  circum- 
stance  which  will  more  or  less  affect  those  con- 
ductors which  are  applied  to  buildings, according  to 
the  state  of  the  clouds  and  their  atmosphere,  the 
time  their  influence  has  been  exerted,  the  nature 
of  the  conducting  strata  of  the  earth,  and  its  elec-^ 
trie  situation* 

Besides,  the  electric  powers  must  be  separated 
before  any  body  can  be  electrified;  and  the  point 
must  be  in  a  state  to  give  one  kind  of  electricity, 
before  it  can  receive  the  other.  They  cannot  act 
beyond  the  electric  atmosphere  of  the  body  to 
whiob  they  are  presented,  and  their  action  is  dif- 
ferently modified  by  the  ^tate  of  the  air. 

*  See  Folta's  paper,  Phil.  Trans,  vol.  Ixxii. 
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Fig,  68  represents  the  gable  end  of  a  house^ 
fixed  vertically  on  the*  horizontal  board,  FG; 
a  square  hole  is  made  in  the  gable  end  at  h  i^ 
into  which  a  piece  of  wood  is  fitted;  a  wire  is 
inserted  in  the  diagonal  of  this  little  piece;  two 
wires  are  also  fitted  to  the  gable  end,  the  lower 
end  of  one  wire  terminating  at  the  upper  comer 
of  the  square. hole,  the  top  of  the -other  wire  is 
fixed  to  its  lower  corner;  the  brass  ball  on  the 
wire  may  be  taken  off,  in  order  that  the  pointed 
end  may  be  occasionally  exposed  to  receive  the 
explosion. 

Experiment  cciii.  Thunder  home.  Place  a 
jar  with  its  knob  in  contact  with  the  conductor, 
connect  the  bottom  of  the  jar  with  the  hook,  H; 
then  charge  the  jar,  and  bring  the  ball  under  the 
conductor,  and  the  jar  will  be  discharged  by  an 
explosion  from  the  conductor  to  the  ball  of  the 
house.  The  wires  and  chain  being  all  in  con- 
nexion, the  fire  will  be  conveyed  to  the  outside  of 
the  jar,  without  affecting  the  house;  but,  if  the 
square  piece  of  wood  is  placed  so  that  the  wires 
are  not  connected^  but  the  communication  cut 
off,  the  electric  fluid  in  passing  to  the  outside  of 
the  jar,  will  throw  out  the  little  piece  of  wood  to 
a  considerable  distance  by  the  lateral  force  of  thcj 
explosion.     See^.  68. 

Unscrew  the  ball,  and  let  the  point  which   is 
underneath  be  presented  to  the  9onductor,  and 
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then  you  will  not  be  able  to  charge  the  jar;  for, 
the  sharp  point  gradually  draws  the  fire  frpm  the 
conductor,  and  conveys  it  to  the  coating  on  the 
outside  of  the  jar. 

The  prime  conductor  is  supposed  to  represent  a 
thunder  cloud  discharging  its  contents  on  a  wea- 
ther-cock, or  any  other  metal  at  the  top  of  a 
building.  From  this  experiment,  many  have  in- 
ferred, that  if  there  is  a  connexion  of  metal  to 
conduct  the  electric  fluid  down  to  the  earth,  the 
building  will  receive  no  damage;  but,,  where  the 
connexion  is  imperfect,  it  will  strike  from  one 
part  to  another,  and  thus  endanger  the  whole 
building. 


ON  THE   INFLUENCE  OP  POINTS,    BY 

MR.  HENLEY. 

Experiment  cciv.  Mr.  Henley  affixed  to 
the  top  of  a  glass  stand  a  wire,  three-eighths  ot 
an  inch  in  diameter,  terminated  at  one  end  by  a 
ball  three-fourths  of  an  inch  in  diameter,  and  at 
the  other  end  by  a  very  sharp  point,  secj^^.  6g; 
rbund  the  middle  of  this  wire  hung  a  chain  twelve 
inches  long;  he  connected  the  chain  with  the 
coating  of  a  charged  jar,  and  brought  the  knob  of 
it  very  gently  towards  the  ball  on  the  insulated 
wire,  in  order  to  observe  precisely  at  what  dis- 
tance  it  would  be  discharged  upon   it;    which 
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constantly  happened  at  the  distance  of  half  an 
inch,  with  a  loud  and  full  explosion.  Then 
charging  t|ic  jar,  he  brought  it  in  the  same  gra- 
dual manner  towards  the  point  of  the  insulated 
wire,  to  try  also  at  what  distance  it  would  be 
struck:  but  this,  in  many  trials,  never  happened 
at  all;  the  point  being  approached  in  this  gradual 
manner,  always  drew  off  the  charge  impercep- 
tibly, leaving  scarce  a  spark  in  the  jar. 

The  same  gentleman  connected  a  jar,  contain- 
ing 509  square  inches  of  coated  surface,  with  the 
prime  conductor;  see  fig.  68.  If  the  jar  was  so 
charged  as  to  raise  the  electrometer  to  60  de- 
grees, by  bringing  the  ball  on  the  wire  of  the 
thundor-house  to  half  an  inch  distance  from  that 
connected  with  the  prime  conductor,  the  jar 
would  be  discharged,  and  the  piece  in  the  thun- 
der-house thrown  out  to  a  considerable  distance. 
Using  a  pointed  wire  as  a  conductor  to  the  thun- 
der-house, instead  of  the  knob,  the  charge  being 
the  same,  the  jar  was  discharged  silently,  though 
suddenly,  and  the  piece  was  not  thrown  out. 

He  afterwards  made  a  double  circuit  to  the 
thunder-house;  the  first  by  a  knob,  the  second 
by  a  sharp  pointed  wire,  at  an  inch  and  a  quarter 
distance  from  each  other,  but  exactly  the  same 
height.  The  charge  being  the  same,  the  knob 
was  first  brought  under  the  prime  conductor, 
which  was  half  an  inch  above  it,  and  followed  by 
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the  point  at  an  inch  and  a  quarter  distance^  yet 
no  explosion  fell  upon  the  ball^  as  the  point  drew 
off  the  charge  silently,  and  the  piece  in  the  thun<- 
der-house  remained  unmoved. 

He  insulated  a  large  jar,  and  connected  by 
chains  with  the  external  coating,  on  one  side  ^ 
knob,  on  the  other  a  sharp  pointed  wire,  both 
being  insulated  and  standing  five  inches  from  each 
other,  and  placed  an  insulated  copper  ball,  eight 
inches  in  diameter,  so  as  to  stand  exactly  at  half 
an  inch  distance  both  from  the  knob  and  the 
point;  the  jar  was  then  charged,  and  the  dis- 
charge made  by  the  discharging  rod  on  the  copper 
ball,  from  whence  it  leaped  to  the  knob,  which 
was  three  quarters  of  an  inch  in  diameter;  the 
jar  was  discharged  by  a  loud  and  full  explosion, 
and  the  chain  was  very  luminous^ 

Mr*  Henley  suspended  by  a  silk  string  fi-om  one 
end  of  a  wooden  bar,  which  turned  freely  in  an 
horizontal  direction  upon  the  point  of  a  needle, 
9  large  bullock's  bladder,  gilded  with  leaf  copper; 
the  bladder  was  balanced  by  a  weight  at  the  other 
etid  of  the  arm,  see  jf/.  71;  he  gave  a  strong 
spark  from  the  knob  of  a  charged  jar  to  the  blad- 
der; he  then  presented  towards  it  a  brass  ball  two 
inches  in  diameter,  and  observed  that  the  bladder 
would  come  towards  it  at  the  distance  of  three 
inches;  and  when  it  got  within  an  inch,  would 
throw  off  its  electricity  in  a  full  spark.     He  then 
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gave  it  another  sparky  and  presented  a  pointed 
wire  towards  the  bladder,  which  never  approached 
to  the  point  nor  ever  gave  any  spark,  the  electri- 
city being  carried  off. 

Experiment  ccv.  Franklins  cloud.  Take 
two  or  three  fine  locks  of  cotton,  fasten  one  of 
them  to  the  conductor  of  a  fine  thread,  another 
lock  to  that,  and  a  third  to  the  second;  put  the 
machine  in  action,  and  the  locks  of  cotton  will 
expand  their  filaments,  and  will  extend  themselves 
towards  the  table.  Present  a  sharp  point  uncter 
the  lowest,  and  it  will  shrink  up  towards  the  se- 
cond, and  this  towards  the  first,  and  all  togetb^ 
towards  the  prime  conductor,  where  they  will  con- 
tinue as  long  as  the  point  remains  undecthem. 

Experiment  ccvi.  Effect  en  a  point  of  di- 
verging hair.  Fasten  a  number  of  fine  threads  or 
hnir  to  the  end  of  the  prime  conductor;  when  the 
cylinder  is  turned,  these  will  diverge  like  rzys 
proceeding  from  a  center:  continue  turning  the 
cylinder  and  present  a  point  towards  one  side  of 
the  conductor,  and  the  threads  on  one  side  will 
hang  down  and  lose  their  divergence,  but  those 
on  the  other  side  will  still  continue  to  diverge; 
which  shews,  that  the  power  of  points  to  draw  off 
the  electricity  does  not  extend  round  the  electri- 
fied body,  when  means  are  used  to  keep  up  the 
supply  of  electricity. 
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Fig.  72  represents  an  oval  board  three  feet  long 
bnd  two  fe.et  broad,  coated  on  both  sides  with  tin-- 
foil,  and  suspended  by  silk  lines  from  a  .doubly 
hook;  this  turns  on  an  axis,  which  is  fastened  to 
one  arm  of  a  nice  balance,  and  counterpoised  at 
the  other  arm  by  a  weight;  part  of  the  table  un- 
derneath the  board  is  to  be  covered  with  tin-foil, 
and  communicate  to  the  floor  by  a  chain. 

Experiment  ccvii.  Pendulous  boarcL  Con- 
nect the  pendulous  board  with  the  prime  conduc- 
tor by  a  small  wire;  a  ftw  turns  of  the  machine 
will  electrify  the  apparatus.  When  this  experi- 
ment was  made,  the  board  was  attracted  by  the 
table  at  fifteen  inches  distance,  and  discharged 
itself  with  a  strong  spark.  The  same  happened 
to  a  metal  ball  which  was  placed  on  the  table, 
the  board  approaching  till  it  was  about  one  inch 
from  the  ball,  and  then  discharging  itself  by  a 
bpark.  If  a  point  is  fixed  on  the  board  instead  of 
a  knob,  the  pendulous  boar^,  though  it  begins  to 
approach,  stops  at  about  four  or  five  inches  from 
the  table,  and  it  will  not  approach  nearer,  or 
give  a  spark:  a  small  light  is  seen  upon  the  point 
in  the  dark.  A  Leyden  jar  was  then  connected 
^ith  the  prime  conductor;  it  now  requires  more 
turns  of  the  machine  to  charge  the  apparatus:  the 
pfFcct  was  the  same  as  before.  The 'counterpoise 
was  now  held,  that  the  board  might  not  descend 
(ill  it  had  received  a  full  charge;  when  set  at 


330  OBT  THB  INFLUENCE  OF 

liberty,  it  was  not  only  attracted  by,  but  also  gave 
a  loud  explosion  on  the  point,  insomuch,  that  the 
tin- foil  roiind  it  was  strained  by  the  overflowing 
of  the  fire: 

£xPERiMENT  ccviii.  Atwood^s  experiments  OH 
points.  If  an  interruption  is  made  in  each  of  two 
similar  circuits,  which  form  communications  be- 
tween the  charged  surfaces  of  an  electric  plate, 
and  if  the  space  of  air  in  one  of  the  interruptions 
is  terminated  by  points,  and  in  the  other  by  balls, 
the  discharge  will  be  made  through  the  circuit  of 
which  the  points  make  a  part,  although  the  length 
of  the  interrupted  space  of  air  is  considerably 
greater  than  that  in  the  other  circuit. 

Before  any  discharge  takes  place,  the  two 
powers  are.  suspended  on  the  opposite  surfaces  of 
the  charged  electric. 

An  electric  plate  rtay  be  discharged  two  ways, 
cither  silently  in  some  sensible  portion  of  time,  or 
by  explosion  in  an  instant :  in  either  case  ei^pM-i- 
ments  abundantly  shew,  that,  caterts  paribusj  the 
discharge  will  be  made  through  a  pointed  body  iq 
preference  to  a  round  termination. 

When  a  pointed  body  is  presented  to  any 
charged  surface,  a  cylindrical  plate  of  air  of  eva- 
nescent diameter  is  charged  with  the  contrary 
electricities  strongly  attracting  each  other  through 
it;  and  the  quantity  of  air  being  so  small,  there 
will  be  little  resistance  to  their  union;  the  dis- 
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charge  will  be  made  by  explosion,  in  preference  to 
the  gradual  discharge,  according  as  the  opposite 
surfaces  (the  pointed  body  and  the  surface  op-^ 
posed  to  it)  are  larger,  as  they  are  nearer  each, 
other,  and  as  the  charge  is  greater;  for  it  will  be 
observed,  that  a  point,  or  very  small  spherical 
termination,  which  is  in  a  physical  sense  a  point, 
will  discharge  any  quantity  of  electricity  silently 
and  gradually  without  explosion,  while  it  is  at  a 
sufficient  distance  from  the  opposite  charged  sur- 
face; by  bringing  it  nearer,  tht  method  of  dis- 
charge will  be  altered,  which  will  now  be  a  suc- 
cession of  small  explosions  veiy  quickly  following 
each  other.  The  reason  of  this  seems  to  be,  that, 
when  the  charged  surfaces  are  v^ry  near,  there  is 
not  Sufficient  time  for  the  contrary  powers  to  unite 
gradually,  nor  sufficient  room  in  which  they  may 
be  diffused  among  the  surrounding  air. 

This  is  confirmed  by  again  removing  the  two 
opposed  surfaces  to  such  a  distance,  that  the  dis- 
charge maybe  mrfde  gradually;  in  this  case,  if 
the  parts  of  the  apparatus  are  so  disposed  by  any 
kind  of  contrivance,  that  the  discharge  must  ne- 
cessarily be  made  suddenly,  the  method  of  dis- 
charge will  be  again  altered,  becoming  now  a 
succession  of  explosions,  instead  of  a  gradual  cur- 
rent between  the  opposed  surfaces.  This  sudden- 
ness of  the  discharge  may  be  effected  by  a  proper 
pse  of  interruptions  in  the  circuit:  it  may  also  be 
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caused  by  motion;  if  either  surface  be  moved 
briskly  toward  the  other,  the  explosion  of  the 
charge  will  be  promoted. 

Elevated  conductors  applied  to  buildings,  as 
securities  from  the  effects  of  lightning,  will  con- 
tribute to  discharge  the  electricity  from  a  cloud 
that  passes  over  them;  and  a  greater  quantity  of 
the  discharge  will  pass  through  a  pointed  con- 
ductor, than  through  one  which  is  terminated  by 
a  ball :  but,  whether  the  discharge  will  be  made 
by  a  gradual  current,  or  by  explosion, ,  will  de- 
pend on  the  suddenness  of  the  discharge,  on  the 
proximity  of  the  cloud,  its  motion,  and  the  quan- 
tity of  the  electricity  contained  in  it.  If  a  small 
cloud  hangs  suspended  under  a  large  cloud  loaded 
with  electric  matter,  pointed  conductors  on  a 
building  underneath  will  receive  the  discharge  by 
explosion  in  preference  to  those  termimated  by 
balls,  the  small  cloud  forming  an  interruption, 
which  allows  only  an  instant  of  time  for  the  disr 
charge^  If  a .  single  electric  cloud  is  driven  with 
considerable  velocity  near  to  a  pointed  conductor, 
the  charge  may  be  caused  to  explode  upon  it  by 
the  motion  of  the  charged  body.  In  other  cases, 
pointed  conductors  contribute  to  discharge  a 
thunder  cloud  gradually  without  exploaon. 

Mr.  Wilsons  experiments,  published  in  the  Phi- 
losophical Transactions  for  1778,  have  contribute^ 
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gjeatly  to  explain  the  effects  of  points  in  discharg-^ 
ing  the  electric  matter. 

If  a  conical  pointed  body  were  inserted  into  a 
similar  hollow  cone,  formed  into  an  electrified 
solid,  the  surfaces  of  the  two  cones  being  equi- 
distant, no  greater  discharge  of  the  electrics 
would  follow^  than  if  the  two  conical  surfaces  had 
been  plain,  and  opposed  to  each  other  at  the  same 
distance. 

If  two  electric  plates  be  charged,  and  a  com- 
munication formed  betweien  the  positive  side  of 
one  and  the  negative  side  of  th^  other,  no  dis- 
charge will  follow,  unless  a  communication  be 
formed  between  the  other  two  surfaces  at  the  same 
time. 

The  natural  electricity  in  the  atmosphere  is 
frequently  discharged  in  this  manner:  two  clouds 
being  electrified  with  opposite  powers,  the  sur- 
faces of  the  earth  immediately  under  them  are 
likewise  electrified  with  powers  contrary  to  those 
in  the  clouds  above  them ;  and  the  moisture  of  the 
earth  forming  a  communication  between  the  two 
contiguous  charged  surfaces,  whenever  the  two 
clouds  meet,  there  will  follow  a  discharge  both  of 
the  clouds  and  surface'  oti  the  earth  opposied  to 
them.  If  the  earth  should  be  dry,  and  conse- 
quently afford  a  resistance  to  the  linion  of  the 
two  electricities  accumulated  on  or  under  its  sur- 
face, there  will  follow  an  explosion  in  the  earth  aa 
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well  as  the  atmosphere,  which  will  produce  con- 
cussions and  other  phenomena  which  have  frc* 
quently  been  observed  td  happen  in  dry  seasonsy 
particularly  in  those  climates  which  are  the  most 
liable  to  storms  of  thunder  and  lightning. 

DR.  MUSGRAVe's    observations    O^    POINTEri 

CO^JDUCTORS. 

Dr.  Franklin^  in  none  of  the  passages  where  hd 
speaks  of  the  efficacy  of  sharp-pointed  conductors 
to  prevent  electrical  explosions^  has  expressed  any 
doubt  of  their  being  universally  preferable  for  this 
purpose  to  those  which  have  a  blunt  or  spherical 
termination.  The  same  observation  may  be  made 
of  the  other  gendemen  who  are  the  advocates  for 
this  doctrine.  It  may  therefore  be  assumed^  that 
both  he  and  they  mean  to  assert  an  universal  pro- 
position^ T/k7/  sha$f  points  will,  in  all  cases,  draw 
off  the  electrical  fluid  silently  within  the  distance  at 
which  rounded  ettds  will  explode  \  Mr,  at  least  that 
she  former  sort  will  in  no  case  receive  an  explosion  at 
a  greater  distance  than  the  latter.  Though  I  dis- 
sent from  this  doctrine^  I  do  not  mean  to  assert 
the  contrary  universal  proposition^  but  only  to 
deny  the  universality  cf  that  asserted  by  Dr.  Franks 
Un,  which  I  apprehend  to  be  sometimes  true^  and 
sometimes  also  false* 


ON  l^OINT&D  CONbUCTOUSi  Sdd 

But,  before  I  attempt  to  specify  the  particular 
cases  in  which  the  sharp  and  the  blunt  termina- 
tions are  respectively  more  liable  to  electrical  ex- 
plosions, it  may  be  of  use  to  shew,  what  many 
gentlemen  seem  not  to  be  thoroughly  aware  of^ 
that  sharp  points,  having  the  most  perfect  com-^ 
munication  with  the  earth,  are  not  wholly  exempt 
from  receiving  them.  My  first  authority  shaH  be 
Dr.  Fratiklin  himself.  "  Let  a  person,"  says  he, 
p.  60,  "  standing  on  the  floor,  present  the  point 
of  a  needle  of  twelve  or  more  inches  from  it  (the 
prime  conductor,)  and  while  the  needle  is  so  pre* 
sented,  the  conductor  cannot  be  charged,  die 
point  drawing  off  the  fire  as  fast  as  it  is  thrown  on 
by  the  electrical  globe.  Let  it  be  charged,  and 
then  present  the  point  at  the  same  distance,  and 
it  will  suddenly  he  discharged.**  The  word  sud^ 
deftly  means,  I  suppose,  that  it  will  receive  an 
explosion;  that  being  the  most  natural  and  ob- 
vious proof  of  the  suddenness  of  the  discharge. 
The  same  thing  is  more  directly  asserted  by 
Mr.  Henley i  in  vol.  Ixiv.  p.  138,  of  the  Phil.  Trans, 
where  he  informs  us,  that,  in  discharging  three  of 
his  large  jars,  to  the  coating  of  which  he  had'cbn- 
nected  wire  nicely  tapered  to  a  point,  the  fire 
flew  to  the  point,  and  the  jars  were  discharged 
with  a  full  and  loud  explosion.  A  third,  and 
equally  decisive  proof  is  furnished  by  Mr.  Nairne^B 
experiments,  though  seemingly  made  with  a  con- 
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trary  view.  For,  when  the  double  or  ihlerrupfecf^ 
conductor  was  used,  and  the  second  conductor 
fixed  down  by  screws  at  about  three  inches  dis- 
tance from  the  first,  the  point  presented  to  the 
contrary  end  of  the  second  conductor  was  found 
to  receive  a  strong  and  loud  explosion,  with  a 
white  light,  at  the  distance  of  at  least  three  inches. 
If  we  compare  this  experiment  with  anothei' 
vccy  common  one,  exhibited  at  the  same  time  by 
Mr.  J^aimef  the. comparison  will  perhaps  lead  us 
to  the  discovery  of  a  principle  u{)on  which  elec- 
trical explosions  very  frequently  depend.  Thougb 
the  point,  in  the  circumstances  above-described, 
received  so  strong  an  explosion,  yet,  when  it  was 
presented  directly  to,, the  prime  conductor,  it  re- 
ceived no  explosion  whatever  at  any  distance^ 
unless  a  succession  of  weak  sparks  at  the  distance 
of  about  a  quarter  of  an  inch  can  be  called  so. 
To  what  must:  this  difference  be  attributed? 
Plairily  to  the  diflfcrent  quantity  of  electric  fluid 
accunmlaicd  on  the  prime  conductor  in  the  one 
and  the  otlicr  case.  Where  the  point  is  presented 
to  the  prime  conductor,  from  the  time  the  ma- 
chine begins  to  work,  the  property  which  is  attri- 
buted to  them,  and  which  in  some  cases  they 
really  possess,  of  stealing  away  the  electricity 
silendy;.  this  property,  I  say,  operating  from  the 
very  beginning,  prevents  the  electric  fluid  from 
being  accumulated  in  the  prime  conductor,  and 
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t)jf  course  the  quantity  of  it  will  always  be  small. 
But,  wh.en  a  double  or  interrupted  conductor  is 
used,  the  second  conductor  receives  no  electricity 
till  the  prime  con'ductbr  is  pretty  highly  charged, 
and,  if  put  at  {he  greatest  striking  distance,  not 
till  it  Is  fully  chargedi  and  consequently  the  sharp 
point  presented  to  the  opposite  end  can  carry 
away  none  of  it  till  that  time;  when  the  whole 
quantity  is  thrown  off  at  once.  It  should  seem 
then,  that  the  explosion  in  one  case,  and  the  non- 
explosion  in  the  other,  depended,  wholly  upon  the 
different  quantities  to  be  thrown  ofl^:  whence  it 
will  follow,  that  though  a  small  quantity  of  elec^ 
tricity  will  pass  off  silently  upon  a  point,  yet  tbat 
this  power  is  very  limited;  for,  that  if  a  somewhat 
greater  quatitity  be  applied  suddenly  to  a  sharp 
point,  it  will  not  pass  off  sitently,  but  create  an 
explosion  in  proportion  to  its  density.  The  ex- 
periments in  this  Essay  demonstrate,  that  a  bro- 
ken communication  will  occasion  the  sharp  point 
to  repeive  an  explosion. 

Let  us  now  consider  more  particularly  the 
practical  question,  whether  the  sharp-pointed  or 
the  blunted  conductors  be  the  best  preservatives* 
from  lightping.  And  here  it  is  necessary  to  ob- 
serve, that  buildings  may  be  exposed  to  a  stroke 
of  lightning  in  several  different  ways.  The  light- 
ning, which  to  avoid  prolixity  I  shall  only  speak 
of  as  positive  electricity,  the  lightning,  I  say,  may 
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accumulate  directly  over  the  building;  or  it  maj 
be  brought  towards  the  building  by  a  small  cloud 
fetching  it  in  several  successive  trips  from  a  large 
cloud  at  some  distance;  or  a  large  electrified  cloud 
may  be  carried  rapidly  towards  it  by  the  wind,  a 
circumstance  this  by  no  means  rare,  there  being 
no  less  than  four  instances  of  it  upon  record  in 
the  Phil.  Trans,  vol.  xlix.  p.  J  6  and  p.  309,  vol. 
1x1.  p.  72,  and  vol.  Ixiv.  p.  351.  In  the  first  of 
these  sup[xxscd  cases,  a  sharp-pointed  conductor 
might  possibly  drain  the  cloud  of  its  lightning  as 
fast  as  it  began  to  accumulate,  and  thereby  pre- 
vent any  explosion  whatever.  In  the  second,  as 
the  cloud,  by  supposition,  not  being  driven  in 
one  direction  by  the  wind,  could  not  nx>ve  with 
any  remarkable  velocity,  it  is  reasonable  to  ima- 
gine, that  in  this  case  also  there  might  be  no 
explosion,  and  that  the  electricity  of  the  larger 
cloud  might  be  gradually  exhausted.  But  if, 
according  to  the  third  supposition,  a  cloud  of 
great  extent  and  highly  electrified  should  be 
driven  with  great  velocity  in  such  a  direction,  so 
as  to  pass  directly  over  the  sharp-pointed  conduc- 
tor, there  can  be  no  doubt  but  that  such  a  point 
from  its  superior  readiness  to  admit  electricity, 
would  take  the  explosion  at  a  much  greater  dis-. 
tance  than  a  rounded  end,  and,  in  proportion  to 
the  difference  of  that  striking  distance,  would  do 
mischief  iubiead  of  good.  ' 
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But,  perhaps  it  will  be  said^  that  every  stroke  o( 
lightning  falling  upon  a  sharp  point  is  previously  ^ 
drtninished  by  that  pointy  and  therefore  may  more 
easily  be  transmitted  through  the  conductor  than 
when  it  falls  undiminished  upon  a  rounded  end/ 
Upon  this  supposition,  I  must  observe,  that  it  not 
only  contradicts  Mr.  fVihons  experiments  at  the 
Pantheon,  but  also  Mr.  Henley s  experiment  al- 
ready referred  to  in  this  paper,  where  the  fire  flew 
to  a  very  taper  point,  and  melted  the  end  with  a 
strong  and  loud  explosion.  So  ^Iso  the  sharp* 
pointed  conductors  affiited  in  America  to  the 
houses  of  Mr.  ffest,  Mr.  Raven,  and  Mr.  Majne^ 
do  not  seem  to  have  diminished  the  force  of  the 
explosion,  if  we  may  judge  from  the  vidence  of 
its  effects  as  related  at  large  iti  Dr.  fVanklm^B 
works.  It  should  seem,  therefore,  that  the  powe^ 
of  diminishing  a  stroke,  like  that  of  preventing  it^ 
is  only  contingent,  and  depends,  as  we  said  be- 
fore, upon  the  degree  o(  velocity  with  which  tba 
lightning  moves. 

The  sum  of  the  whole  is,  that  conductors  ter^ 
minated  by  sharp  points  are  sometimes  advaDta-^ 
geotts,  and  at  other  times  prejudicial.  Now,  as 
the  purpose  for  which  conductors  are  fixed  upon 
buildings  is,  not  to  {protect  them  from  one  parti- 
cular sort  of  clouds  only,  but,  if  possible,  from  all, 
it  cannot  surely  be  adviseable  to  use  that  kind  of 
conductors,  which,  if  they  diminish  danger  on 
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one  hand,  will  increase  it  on  the  other.  It  is  the 
duty  of  a  pilot  to  keep  out  of  the  way  of  rocks; 
but  it  is  also  incumbent  upon  him,  in  avoiding  the 
rock,  not  to  take  so  large  a  compass  as  to'  run  his 
ship  upon  a  quicksand. 

When  I  say  that  sharp-pointed  conductors  may 
in  some  cases  diminish  danger,  I  speak  of  them 
perhaps  rather  too  favourably ;  for,  their  power  of 
stealing  away  the  electric  fluid  being  confined  to 
cases  where  the  accumulation  is  small,  it  follows^ 
that  they  afford  no  protection  where  the  danger  is 
great  and  imminent,  and  only  obviate  that  which 
is  distant  and  problematical.  The  cases  against 
which  we  wish  principally  to  provide,  are  the  ex- 
plosions of  extensive  and  highly  electrified  clouds; 
and  here  we  have  seen  that  blunted  ends^  as  act- 
ing to  a  much  smaller  distance,  are  entitled  to  the 
preference. 

If  it  be  admitted,  that  sharp-pointed  conductors 
are  attended  with  any,  the  slightest  degree  of 
danger,  how  much  must  that  danger  be  aug- 
mented by  carrying  them  high  up  into  the  air,  by 
fixing  them  upon  every  angle  of  a  building,  and 
making  them  project  in  every  direction?  Ought 
thi^  to  be  advised  while  there  is  still  a  doubt  of  the 
possibility  of  their  doing  inischicf? 
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OBSERVATIONS  QN  THE  ACTION  OF  CONDUC- 
TORS, &C.  BY  THE  EDITORS  OP  THE  ENCY- 
CLOPAEDIA BRITANNICA. 

^[  Ever  since  the  discovery  of  the  identity  of 
electricity  and  lightning,  it  has  been  allowed  by 
all  parties,  that  conductors  of  some  kind  are  in  a 
manner  necessary  for  the  safety  of  buildings,  in 
those  countries  where  thunder  storms  are  very 
frequent.  The  principle  on  which  they  act  is 
this;  that  tHeJ  electric  fluid,  when  impelled  by 
any  power,  always  goes  to  that  place  where  it 
meets  with  the  least  resistance.  Now,  as  metals 
are  found  to  give  the  least  resistance  to  its  passage, 
it  will  always  choose  to  run  along  a  metalline  rod, 
in  preference  to  a  passage  of  any  other  kind.  But 
it  is  necessary  to  observe  here,  that  electricity 
never  strikes  a  body  merely  for  the  sake  of  the 
body  itself,  but  as  by  means'  of  that  body  it  can 
arrive  at  the  place  of  its  destination.  When  a 
quantity  of  electricity  is  collected  from  the  earth, 
by  means  of  an  electric  machine,  a  body  commu- 
nicating with  the  earth  will  receive  a  strong  spark 
from  the  prime  conductor;  it  receives  this  spark, 
not  because  it  is  capable  of  containing  •  all  the 
electricity  of  the  cylinder  and  conductor,  but 
because  the  natural  situation  of  the  fluid  being 
disturbed  by  the  motion  of  the  machine,  a  stream 
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of  it  is  sent  off  from  the  earth.  The  natural 
powers,  therefore,  make  an  efFprt  to  supply  what 
is  thus  drained  off  from  the  earth;  and,  as  the 
individual  quantity  which  comes  out  is  most  pro- 
per for  supplying  the  deficiency,  as  not  being 
employed  for  any  natural  purpo^,  th^re  is  always 
an  effort-made  for  returning  it  to  the  earth*  No 
sooner  then  is  a  conducting  body,  communicating 
with  the  earth,  presented  to  the  prime  conductor, 
than  the  whole  effort  of  the  electriqity  is  directed 
against  that  body;  not  merely  because  it  is  a 
conductor,  but  because  it  leads  to  the  place  where 
the  fluid  is  directed  by  the  natural  powers  by 
which  it  is  governed,  and  at  which  it  would  find 
other  means  to  arrive,  though  that  body  w*ere 
pot  to  be  presented.  That  this  is  the  case,  we 
may  easily  see,  by  presenting  the  same  conducting 
substance  in  an  insulated  state  to  the  prime  con- 
ductor of  the  machine,  when  we  shall  find  only  a 
gmall. spark  will  be  produced.  In  like  manner, 
when  lightning  strikes  a  tree,  a  house,  or  a  tbun* 
per  rod,  it  is  not  because  these  objects  are  high, 
or  in  the  neighbourhood  of  the  cloud,  but  be* 
causie  they  communicate  with  some  place  below 
the  surface  of  the  ground,  against  which  the  im«- 
petus  of  the  lightning  is'  directed,  and  at  that 
place  the  lightning  would  certainly  arrive,  though 
none  of  the  abave-*inentioned  ol:gects  had  beeii 
interposed; 
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*^  When  the  dtidosphcre  begins  to  be  electri- 
fiedi  eidier  negatively  or  positively,  the  earth,  by 
mearis  of  the  inequality  and  moisture  of  its  sur- 
face, but  especially  by  the  vegetables  which  grow 
upon  it,  absorbs  that  electricity,  and  quickly  be^ 
comes  electrified  in  the  same  manner  with  the 
atmosphere;  this  absorption,  however,  ceases  in  a 
very  short  time,  because  it  cannot  be  continued 
without  setting  in  motion  the  whole  of  the  elec- 
tric matter  contained  in  the  earth  itself.  Alter- 
nate zones  of  positive  and  n^ative  electricity 
will  then  begin  to  take  place  below  the  surface  of 
the  earth,  for  reasons  given  in  the  course  of  this 
Essay :  between  the  atmosphere  and  one  of  these 
zones  the  stroke  of  lightning  will  always  be. 
Thus,  supposing  the  Atmosphere  is  positively  elec- 
trified, the  surface  of  the  earth  will,  by  means  of 
trees,  &c.  quickly  become  positively  electrified 
also,  we  \^i\\  suppose  to  the  depth  pf  ten  feet ;  the 
electricity  cannot  penetrate  further,  on  account 
of  the  resistance  of  the  electric  matter  in  the 
bowels  of  the  earth.  At  the  depth  of  ten  feet 
from  the  surface,  a  zone  of  negatively  electrified 
earth  begins,  and  to  this  zOne  the  electricity  of 
the  atmosphere  is  attracted;  but  to  this  it  cannot 
get,  without  breaking  through  the  positively  elec- 
trified zone  which  lies  uppermost,  and  shattering 
to  pieces  every  bad  conductor  which  lies  in  its 
way.    We  are  therefore  sure,  that  in  whatever 
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place  the  outer  zone  of  positively  clectrifiod  earth 
is  thinnest,  there  the  lightning  will  strike^  whe- 
ther a  conductor  happens  to  be  present  or  not. 
If  there  is  a  conductor,  either  with  a  knob  or 
sharp-pointed,  the  lightning  will  infallibly  strike 
it:  but  it  would  also  have  struck  a  house  situated 
on  that  spot  without  any  conductor;  and,  if  the 
house  had  not  been  there,  it  would  have  struck 
the  surface  of  the  ground  itself.  Again,  if  we 
suppose  theliouse  with  its  conductor  to  stand  on 
a  part  of  the  earth  where  the  positively  electrified 
zont  is  very  thick,  the  conductor  will  neidier 
silendy  draw  off  the  electricity,  nor  will  the  light- 
ning strike  it;  though  perhaps  it  may  strike  a 
much  lower  object,  or  even  the  surface  of  the 
ground  itself  at  no  great  distance;  the  reason  for 
which  undoubtedly  is,  that  there  the  positively 
electrified  zone  is  thinner  than  where  the  con- 
ductor was. 

^  To  suppose  that  a  pointed  conductor  will 
exhaust  a  thunder  cloud  of  its  electricity,  must  at 
first  sight  appear  trifling,  to  insist  on  it,  ridicu- 
lous. Innumerable  objects  are  all  conspiring  to 
draw  off  the  electricity,  as  well  as  the  conductor, 
if  it  could  be  drawn  off;  but  of  the  effecting  this, 
there  is  an  impossibility,  because  they  have  the 
same  kind  of  electricity  with  the  clouds  thenn 
selves, 
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"  Besides/  Beccaria  has' observed,  that  during 
the  progress  and  increase  of  the  storm,  though  the 
lightning  frequently  struck  to  the  earth,  yet  the 
same  cloud  was  the  next  moment  ready  to  make  a 
greater  di&charge,  and  bis  apparatus  continued  to 
be  as  much  affected  as  ever.  .  t 

^*  The  conductor  has  not  even  the  power  of 
attracting  the  lightning  a  {e:w  feet  out  of  the  di- 
rection it  would  choose  itself;  of  this  we  have  a 
most  decisive  instance  in  what  happened  to  the 
magazine  at  Purfleet,  in  Essex.  That  bouse  was 
furnished  with  a  condnctor,  raised:  above  the 
highest  part  of  the  building;  nevertheless,  a  flash 
of  lightning  struck  an  iron  cramp  in  the  comer  of 
the  wall  of  the  building,  considerably  lower  than 
the  top  of  the  conductor^  and  only  forty-six  feet  ia 
a  sloping  line  distant  from  the  point. 

**  The  conductor,  with  all  its  power  of  drawing, 
off  the  electric  matter,  was  neither  able  to  prevent 
the  flash,  nor  to  turn  it  forty-six  feet  out  of  its 
way.  The  matter  of  fact  is,  the  lightning  was 
d[etermined  to  enter  the  earth  at  the  place  where 
the  Board*house  stands,  or  near  it;  the  conductor 
fixed  on  the  bouse  offered  the  easiest  .communica* 
tion,  but  forty-six  feet  of  air  intervening  betweeo 
the  point  of 'the  conductor  and  the  place  of  the 
explosion,  the  resistance  was.. less  through  the 
blont  cramp  iron  and  a  few  bricks  moisten^di  with 
the  rain,  to  the  side  of  the  metalline  conductor^ 
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than  through  the  forty-sbc  feet  of  air  to  its  point ; 
for  the  fornier  was  the  way  in  which  the  lightning 
actually  passed. 

**  The  zig-22ag  kind  of  lightning  is  the  moat 
dangerous,  because  it  must  overcome  a  very  vio- 
lent resistance  of  the  atnK)^)faerc;  and,  wherever 
that  resistance  is  in  the  smallest  degree  lessened, 
there  it  will  undoubtedly  strike,  and  even  at  a 
considerable  distance.  It  is  othenvise  with  that 
kind  that  appears  in  flashes  of  no  determinate 
form,  the  electric  matter  of  which  is  evidently 
dissipated  in  the  air  by  some .  conducting  sub* 
stances  whi6h  are  present  there,  and  they  are 
therefore  rendered  less  powerful. 

^'  The  most  destructive  kind  of  lightning  is 
that  which  assumes  the  form  of  balls.  These  are 
produced  by  an  exceeding  great  power  of  electri- 
I  city,  gradually  accumulated  till  the  resistance  of 
the  atmosphere  is  no  longer  able  to  confine  it. 
In  general,  the  lightning  breaks  out  fi«a  the 
•electrified  cloud  by  means  of  the  approach  of 
some  conducting  sorbstance;  but  the  fire-balls 
seem  to  be  formed,  not  because  there  is  any  sub^ 
stance  at  band  to  attract  tbe  electric  matter  from 
the  cloud,  but  because  the  electricity  is  accumu* 
lated  in  such  a  quantity,  that  tbe  ckxid  can  no 
longer  contain  it.  Hence,  such  balls  fly  off 
slowly,  mid  have  no  particular  destination;  their 
appearance  indicates  a  prodigious  commotion  and 
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accumulation  of  electricity  in  the  atmosphere, 
without  a  proportionable  disposition  in  the  earth 
to  receive  it.  This  disposition  is,  however,  altered 
by  a  thousand  circumstances,  and  the  place  which 
first  becomes  most  capable  of  admitting  electricity 
will  first  receive  a  (ire*balh  Hence,  this  kind  of 
lightning  has  been  known  to  move  slowly  back- 
wards and  forwards  in  the  air  for  a  considerable 
time^  and  then  suddenly  h\\  on  one  or  mors 
bouses,  according  to  their  being  more  or  less  af* 
fected  with  an  electricity  opposite  to  that  of  the 
ball  at  the  time.  It  will  also  run  along  the  ground^ 
break  into  several  parts,  and  produce  several  tx^ 
plosions  at  the  same  time, 

*^  It  is  very  difficult  to  imitate  this  kind  of 
lightning  in  our  electrical  experiments.  The  only 
cases  in  which  it  hath  been  done  in  any  degree^ 
are  those  in  which  Dr.  Priestlsy  made  the  explo* 
sion  of  a  battery  pass  for  a  considerable  way  over 
the  surface  of  raw  fleah,  water,  ttc.  In  these  cases, 
if,  while  the  electric  flash  passed  over  the  surface 
ofthefle^,  it  had  been 'possible  to  interrupt  the 
metallic  circuit  by  taking  away  the  chain,  the 
electric  matter  discharged  would  have  been  pre*- 
cisely  in  the  situation  of  one  of  the  above-men- 
tioned fire-balls;  i.  e,  it  would  have  been  at  a  loss 
for  a  conductor.  The  negative  side  of  the  battery 
was  its  place  of  destination,  but  to  that  it  could 
pot  easily  have  got,  because  of  the  great  quantity 
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of  atmosphere  which  lay  in  its  way^  and  the  inca« 
pacity  of  the  neighbouring  bodies  to  recdve  iL 
But,  while  the  electric  matter  was  thus  stationary 
for  want  of  a  conductor,  if  any  one  standing  near, 
or  touching  the  negative  side  of  the  battery,  pre- 
sented a  finger  to  this  seemingly  inoffensive  lumi- 
nous body,  he  would  be  insttody  struck  very  vio- 
lently, because  a  free  communication  being  now 
made  by  means  of  his  body,  the  powers  by  which 
the  electric  fluid  is  impelled  from  one  place  to 
another  wbuld  urge  it  upon  him.  But  if  we  sup- 
pose 8  person,  who  has  no  communication  with  the 
battery,  to  present  his  finger  to  the  same  body,  be 
may  perhaps  receive  a  slight  spark  from  it,  but  not 
a  shock  of  any  consequence. 

^^  We  may  now  account  for  the  seemingly  ca- 
pricious natpre  of  all  kinds  of  lightning,  but 
especially  of  that  kind  which  appears  in  the  fonn 
of  balls.  Sometimes  it  will  strike  trees,  high 
bouses,  &c.  without  touching  cottages,  men,  or 
animals,  who  are  in  the  neighbourhood;  in  other 
instances,  low  houses  and  cattle  have  been  struck, 
while  high  trees  and  steeples  in  the  neighbour- 
hood have  escaped.*    The  reason  of  this  is,  that 

R 

in  thunder,  storms  there  is  a  zone  of  earth  consi- 

*  Of  this,  two  remarkable  instances  have  been  adduced,  in  a 
paper  read  by  Mr.  Aclard  at  the  Berlin  Academy  of  Sciences. 
And  Beccaria  cautions  persons  from  depending  on  a  higher^  or, 
in  all  cases^  a  better  conductor  than  their  own  body. 
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derably  under  the  surface  which  the  lightning 
desires  to  strike,  if  we  may  use  the  expression, 
because  it  has  an  electricity  opposite  to  the  light- 
ning itself,  Tliose  objects,  therefore,  which  form 
the  most  perfect  conductors  between  the  electri- 
iied  clouds  and  that  zone  of  earth,  will  be  struck 
by  lightning,  whether  they  arc  high  or  low.  Let 
us  suppose  a  pqsitively  electrified  cloud  is  formed  , 
over  a  certain  part  of  the  earth's  surface;  the  elec- 
tric matter  flows  out  from  it  first  into  the  atmos-^ 
phere  all  around,  and  while  it  is  doing  so^  the 
atmosphere  is  electrified  negatively.  In  propor- 
tion, however,  as  the  current  pervades  greater  and 
greater  portions  of  the  atmospherical  space,  the 
resistance  to  its  motion  increases,  till  at  last  the 
air  becomes  positively  electrified  as  well  as  the 
cloud,  and  they  both  act  as  one  body.  The  sur- 
face of  the  earth  then  begins  to  be  electrified,  and 
it  silently  receives  the  electric  matter  by  means  of 
the  trees,  grass^&c.  which  grow  upon  its  surface; 
till  at  last  it  becomes  also  positively  electrified,  and 
begins  to  send  off  a  current  of  electricity  from  the 
surface  downwards. 

*^  The  causes  which  first  produced  the  electri- 
city still  continuing  to  act,  the  power  of  the  elec- 
trie  current  becomes  inconceivably  gi'eat.  The 
danger  of  the  thunder  storm  now  begins;  for,  as 
the  force  of  the  lightning  is  directed  to  some  place 
below  the  surface  of  the  earth,  it  will  certainly 
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dart  towards  that  place^  and  shatter  every  thing  td 
pieces  which  resists  hs  passage* 

"  The  benefit  of  conducting  rods  will  now  also 
be  evident.  For,  we  are  sure  the  electric  matter 
will,  in  all  cases,  prefer  that  way  where  it  meets 
with  the  least  resistance,  and  this  is  over  the  sur- 
face  of  metals.  In  such  a  case,  therefore,  if  there 
happen  to  be  a  house  furnished  with  a  conductor 
directly  below  the  cloud,  and  at  the  same  time  a 
2one  of  negatively  electrified  earth  not  very  far 
below  the  foundation  of  the  house,  the  conductor 
will  almost  certainly  be  struck,  but  the  building 
will  be  safe.  If  the  house  wants  a  conductor,  the 
lightning  will  nevertheless  strike  in  the  same 
place,  in  order  to  get  at  the  electrified  zone  above- 
mentioned;  but  the  building  will  be  now  da«» 
maged,  because  the  materials  of  it  cannot  readily 
conduct  the  electric  fluid.''* 

*  See  £ncyclop»lia  Britannica,  Art.  Lightning,  vol.  vL 
p.  4224. 

That  the  eleotrlc  matter^  which  forms  and  animates  the  thun* 
der^clotuis,  issues  from  places  £ir  below  the  surface  of  the  earth, 
and  buries  itself  there^  is  probable  from  the  deep  holes  that  hare 
been  made  in  many  places  by  lightning,  by  the  violent  inozidsp 
tions  that  have  accompanied  thunder  storms,  not  occasioned  by 
ram,  but  by  water  bursting  from  the  bowels  of  the  earth,  from 
which  it  must  have  been  dislodged  by  sonte  internal  concussion^ 
Ac.    See  Dr.  Ffieiihys  History  of  JSlcctncity,  p.  328« 
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CHAP.    XV. 


TO  CHARGE  A  PLATE  OF  AIR. 

As  air  is  an  electric,  it  will  receive  a  charge  like 
all  other  electric  substances.  To  this  property 
may  be  ascribed  many  of  the  phenomena  which 
are  observed  in  the  coarse  of  the  common  electri- 
cal experiments;  for,  the  air  which  surrounds  an 
electrified  non-electric  is  always  in  some  degree 
charged  with  the  fluid,  and  thus  acts  upon  the 
atmosphere  of  the  electrified  conductor,  not  only 
by  its  pressure,  but  also  by  its  acquired  electric 
powers;  and  that  it  pervades  the  air  to  a  consi- 
derable distance,  is  evident  from  the  different 
methods  by  which  the  air  of  a  room  may  be  eleo* 
trifled. 

Cover  two  large  boards  with  tin-foil ;  suspend 
one  by  silken  strings  from  thq  ceiling,  and  then 
connect  it  with  the  conductor;  place  the  other 
board  parallel  to  the  former,  on  an  insulating 
stand  that  may  be  easily  raised  or  lowered,  to  re^ 
regulate  the  distance  of  the  plates  from  each  other. 
Or,  place  the  boards  in  a  vertical  ^toation,  on 
insulating  stands  of  the  same  heig)^  In  most 
cases  this  form  will  be  found  the  most  convenientt 
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These  boards  may  be  considered  as  the  coatings 
to  the  plate  of  air  which  is  between  them. 

Experiment  dcix^  Conrfect  the  upper 
board  with  *the  positive  conductor,  and  the  other 
with  the  ground;  turn  the  cylinder,  and  tbd 
upper  one  will  be  electrified  positively,  and  the 
under  one  negatively;  the  space  of  air  between 
the  two  plates  acts  as  a  plate  of  glass,  it  separates 
and  keeps  asunder  the  two  electric  powers. 
Touch  the  negative  plate  with  one  hand,  and  the 
upper  one  with  the  other,  and  a  shock  will  be  re- 
ceived similar  to  that  from  the  Leyden  jar. 

The  electric  shock  will  always  be  felt  when- 
ever a  quantity  of  the  fluid  passes  through  any 
body  in  an  instantaneous  manner,  and  the  force 
c^  the  shock  will  be  proportional  to  tlie  quantity 
of  electricity  accumulated,  and  the  ease  with 
which  it  can  escape ;  for,  the  whole  energy  of  the 
electricity  depends  on  its  tension,  or  the  force 
vvith  which  it  endeavours  to  fly  off  from  the  elec- 
trified body. 

The  two  plates,  when  in  contrary  states, 
strongly  attract  each  other,  and  will  come  to* 
gether,  if  they  are  not  kept  asunder  by  force. 
A  spark  will  sometimes  pass  between  the  plates, 
and  destroy  the  electricity  of  each.  If  an  emi- 
nence is  placed  on  the  under  plate,  the  spark,  ia 
the  spontaneous  discharge,  will :  strike  it.    Tbe* 
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experiments  with  these  boards  will  be  more  pleas- 
ing, if  one  surface  of  the  upper  board  is  covered 
with  gilt  leather.  The  two  plates,  vvh^n  charged, 
are  supposed  to  represent  the  state  of  the  earth 
(jnd  the  clouds  in  a  thunder-storm;  the  clouds 
being  in  one  statc^  and  the  earth  in  an  opposite 
one,  while  the  plate  of  air  acts  as  the  electric,  and 
the  spontaneous  discharged  exhibit  the  phenomena 
of  lightning. 

An  observation  has  been  made  on  this  experi- 
ment, which  seems  to  affect  one  of  the  principal 
supports  of  the  received  theory.  I  have  subjoined 
it,  in  order  to  invite  those  who  are  conversant 
with  electricity  to  ia  closer  investigation  of  the 
subject. 

In  this  ex.periment,  it  seems  impossible  to  deny 
that  air  is  penetrated  by  the  electric  fluid.  The 
distance  between  the  plates  is  so  small,  that  it 
must  appear  absurd  to  say,  that  this  space  is  pene- 
trated only  by  a  repulsive  power,  when  in  other 
c^es  we  see  the  fluid  pervading  much  greater 
spaces  of  w"-  But,  if  one  electric  substance  is 
penetrable  by  the  electric  fluid,  we  raiust  be  led 
strongly  to  suspect  at  least  that  all  the  rost  are  so 
too.  If  glass  was  altogether  impenetrable  to  the 
fluid,  it  is  natural  to  think  that  it  would  run  over 
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its  surface  very  easily;  but,  instead  of  this,  so 
great  is  its  propensity -to  enter,  that  a  shock  sent 
through   between   two  glass  plates,    if  they  are 
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pressed  pretty  close  together,  always  breaks  them 
to  pieces,  and  even  reduces  part  of  them  to  a 
powder  like  sand.  This  last  effect  cannot  be  at- 
tributed to  any  other,  than  the  electric  fluid  en- 
tering the  pores  of  the  glass,  and,  meeting  with 
resistance,  the  impetus  of  its  progressive  motion 
violently  forces  the  vitreous  particles  asunder  in 
all  directions. 

Experiment  ccx.  Turn  that  side  of  the 
upper  board,  on  which  the  gilt  leather  i«  pasted, 
towards  the  lower  one;  place  one  or  two  small 
metal  hemispheres  on  the  lower  board;  connect 
rhe  upper  board  with  the  positive  conductor,  and 
the  lower  one  with  that  which  is  negative,  put  the 
machine  in  action,  and  the  upper  board  will  dis- 
charge the  whole  of  its  contents  on  one  of  the 
hemispheres  in  a  strong  flash,  attenlled  with  a 
smart-  explosion;  vivid  cofruscations  of  electric 
light  will  be  seen  darting  in  various  (tirections  on 
the  surface  of  the  gilt  leather.  This  experiment, 
days  Mr.  Beckett  is  more  than  a  resemblance  of 
lightning,  it  is  nature  invested  in  her  own  attire. 

Connect  a  coated  jar  with  tbe  positive  conduc- 
tor, so  that  it  may  be  discharged  with  the  boards^ 
and  the  flashes  of  light  will  extend  farther^  and  the 
explosion  will  be  louder. 

Experiment  ccxi.  Place  the  wire.  Jig.  10, 
with  the  feathers'  tied  to  it,  in  the  middle  of  one 
of  these  large  boards;  their  divergence  will  not 
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be  near  so  much  in  this  situation,  as  when  they 
are  at  the  edge  of  the  board.  If  a  piece  of  ddwn 
or  a  feather  is  placed  near  the  edge  of  the  board> 
it  will  fly  off  to  the  nearest  non-electriilcd  body ; 
but,  if  it  is  placed  in  the  rniddlc,  it  will  be  a  con- 
siderable time'  before  it  Will  move,  and  it  will 
scarcely  shew  any  signs  of  attraction. 

Experiment  ccxir.  Place  bran,  or  small 
pieces  of  paper,  near  the  center  of  the  lower 
board;  when  the  machine  is  put  in  action,  these 
will  be  alternately  attracted '  and  repelled  with 
great  rapidity,  and  agitated  in  an  amazing  manner* 
A  pleasing  variation  is  made  in  this  experiment  by 
taking  off  the  chain  from  the  lower  board,  and 
now  and  then  touching  it  with  the  hand;  touch 
both  boards  at  the  same  time,  and  the  motion 
ceases.  But,  the  most  surprizing  appearance  in 
this  experiment  is,  that  sometimes  wheii  the  elec- 
tricity is  strong,'  a  quantity  of  paper  or  bran  will 
accumulate  in  one  place,  and  form  a  kind  of  .co* 
lumn  between  the  boards;  it  will  suddenly  acquire 
a  swift  horizontal  motion,  moving  like  a  whirling 
pillar  to  the  edge  of  the  boards,  and  from  thence 
fly  oflT,  and  be  scattered  about  the  room  to  a  con- 
siderablQ  distance. 

ExPERiMEN'T  ccxiit.    Take  two  jars,  the  one 

charged  positively,  the  other  negatively;    place 

t  them  on  the  insulated  board,    but  as  far  from 

z  2 
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each  other  as  the  board  will  permit;  insert  a  range 
of  candles  in  a  piece  of  wood^  about  two  inches 
distance  from  each  other^  so  that  the  flame  of 
each  may  be  exactly  parallel:  when  these  can- 
dles are  quickly  introduced  between  the  knobs 
of  the  jars^  the  spark  will  be  seen  to  dart  through 
all  of  them,  and  will  have  the  appearance  of  a 
line  of  fire,  variegated  in  a  thousand  different 
curves. 
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CHAP.  XVI. 


OF  THE  ELECTROPHORUS^  AND  MR.  BENNET  S 
EXPERIMENTS  THEREWITH. 

Fig,  73,  represents  an  electrophorus.  This  in- 
strument was  invented  by  Mr.  Volta,  of  Coma  in 
Italy.*  It  consists  of  two  plates  of  a  circular 
form;  the  under  plate  is  of  brass  covered  over 
with  a  stratum  of  an  electrical  substance^  gene- 
rally of  some  negative  electric,,  as  wax,  sulphur, 
&c.  the  upper  plate  is  of  brass,  with  a  glass  han- 
dle screwed  on  the  center  of  its  upper  surface. 

Kesinous  electrics  generally  succeed  better  for 
an  electrophorus  than  those  made  only  of  glass, 
not  only  as  they  are  less  affected  by  the  humidity 
of  the  air,  but  as  they  seem  to  have  the  power  of 
retaining  longer  the  electricity  which  is  commu- 
nicated to  them. 

To  use  this  apparatus,  first  excite  the  under 
plate,  by  rubbing  its  coated  side  with  a  piece  of 
clean  dry  flannel,  or  hare-skin;  when  this  plate  is 
well  excited,  it  is  to  be  laid  on  the  table  with  the 
electric  uppermost.      Secondly,  place  the  metal 

*  Mr.  WUclt  in  August  17^,  contrived  a  resinous  appara- 
tus, to  which  he  gave  the  name  of  a  Peq)etual  Electrophoms. 
See  Scripta  Acadcmia  Suec,  17^2. 
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plate  upon  the  electric  as  in  fig.  74  and  75, 
Thirdly,  touch  the  metal  plate  with  the  finger,  or 
any  other  conductor.  Fourthly,  separate  the  me- 
tal plate  from  the  electric  by  the  glass  handle. 
This  plate,  when  raised  to  some  distance  from  the 
under  one,  will  be  found  strongly  electrified  with 
the  power  which  is  contrary  to  that  of  the  electric 
plate,  and  will  give  a  spark  to  any  conductor  that 
]$  brought  near  it.  By  repejiting  this  operatioo, 
i.  e.  by  setting  the  metal  plate  on  the  electric,  and 
then  touching  it  with  the  finger,  a  great  number 
of  sparks  may  be  successively  obtained  without  a 
fresh  excitation  of  the  electric. 

Experiment  ccxiv.  By  examining  the  elec- 
trophorus  with  s^mall  pith  balls,*  we  find, 

1 .  That  as  soon  as  the  upper  plate  is  placed  on 
an  electrophorus  of  wax,  it  acquires  a  weak  poa- 
tive  electricity;  and  the  contrary,  if  placed  on  an 
electrophorus  of  glass. 

2.  That  when  the  upper  plate  is  touched  by  the 
finger,  it  loses  all  its  electricity. 

3.  When  the  upper  plate  is  touched  by  the 
finger,  and  removed  from  the  electrophorus,.  it 
acquires  a  strong  negative  electricity,  if  the  elec- 
trophorus is  of  glass;  and  a  positive  electricity,  if 
it  is  of  wax. 

The  electrophorus  may  be  considered  as  formed 
of  several  horizontal  strata;  so  that  when  the  up- 
per one  is  excited,  either  by  friction  or  communi- 
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cation,  it  is  insulated  by  the  inferior  strata.  Now 
all  insulated  electrics  preserve  their  electricity  a 
x^oDsiderdble  time,  and  it  is  from  that  cause  that 
the,  electricity  of  the  electrophorus  continues  so 
long. 

Insulated  and  excited  glass  induces  the  negative 
electricity  on  bodies  brought  within  the  sphere^ 
of  its  action,  while  negative  electrics,  in  similar 
circupdstances,  produce  the  positive  electricity.  , 
Therefore,  the  surface  of  the  electro|)borus  ought 
to  communicate  immediately  a  positive  electricity, 
if  it  is  of  wax ;.  the  negative,  if  it  is  made  of  glass : 
*  which  is  perfectly  conformable  to  experiments. 
But  when  the  upper  plate  is  touched  by  the  finger, 
the  upper  surface  of  the  ^electrophorus  ceases  to 
be  insulated,  and  gives  the  negative  electricity  to 
the  upper  plate,  ifitisof  glass;  and  the  contrary, 
if  of  wax;  agreeable  to  the  different  experiments 
which  are  described  in  this  Essay. 

Electric  bodies  do  not  put  the  fluid  in  that 
degree  pf  motion,  which  is  necessary  to  produce 
the  spark,  or  exhibit  the  phenomena  of  attraction 
and  repulsion,  while  they  are  in  contact  with 
conducting  substances;  which-  is  the  reason  why 
the  upper  plate  exhibits  no  signs  of  electricity 
while  it  remains  in  contact  with  the  under  one, 
though  they  become  sensible  the  instant  it  is  re- 
moved from  it. 


360  OP  THE  ELBGTROPHORVS. 

'^  In  the  case  of  a  glass  electrophorus^  as  it  ^ 
a  case  which  admits  of  a  somewhat  easier  illustra- 
tion^ the  excited  plate  acts  upon  the  electric 
matter  naturally  contained  in  the  upper  brass 
plate^  so  as  to  repel  a  part  of  its  natural  quantity 
from  it  in  form  of  a  spark,  at  that  part  where  the 
finger  is  applied  to  it.  If  the  brass  plate  in  this 
state  is  lifted  up  by  its  handle,  it  will  receive  a 
spark  from  the  finger.  On  being  replaced,  and 
the  same  operation  taking  place,  the  same  result 
will  be  obtained;  which  may  be  continued  for  a 
great  length  6f  time,  without  diminishing  the 
virtue  of  the  excited  electric,  which  in  fact  docs 
not  part  with  any  of  its  own  electricity,,  but  only 
repels  a  part  of  what  is  in  the  upper  plate,  which 
is  repeatedly  restored  to  it  from  the  earth  by  the 
person  who  makes  the  experiment." 

Experiment  ccxv.  Place  a  piece  of  metal 
on  an  excited  electrophorus,  it  may  be  of  any 
shape;  a  pair  of  triangular  compasses  are  verjr 
convenient  for  this  purpose.  Electrify  the  piece 
of  metal  with  the  power  which  js  contrary  to 
that  of  the  electrophorus,  and  then  remove  it  by 
means  of  some  electric,  and  afterwards  sift  upon 
the  electrophorus  some  finely  powdered  resin, 
which  will  form  on  its  surface  curious  radiated 
figures.  When  the  plate  is  negative,  and  the 
piece  of  metal  positive,  the  powder  fornos  its^f 
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principally  about  those  parts  where  the  metal  was 
placed;  but,  if  the  plate  is  positive,  and  the  spark 
is  negative,    the  part  where  the  metal  touched 

I 

ivill  be  free  from  powder,  and  the  other  parts  more  . 
covered. 

Experiment  ccxvi.  To  recover  Jie  force  of 
€tn  electrophoms  by  itself  Place  the  metallic  cover 
on  the  resinous  cake,  touch  it  as  usual;  then  take 
it  up,  and  discbarge  it  on  the  knob  of  a  Leyden 
jar;  repeat  this  operation  several  times,  and  then 
place  the  jar  on  the  cake,  and  move  it  over  its 
surface,  holding  the  jar  by  the  knob ;  this  will 
augment  the  force  of  the  electrophorus,  and  by 
reiterating  the  operation  it  will  become  very  pow- 
erful. 

£xPERiM£KT  ccxvii.  lusulatc  a  metal  quart 
mug,  and  suspend  a  pair  of  small  pith  balls  b^ 
gilk,  so  that  the  whole  of  the  electrometer  may  be 
within  the  mug;  electrify  the  mug,  and  the  elec- 
trometer  will  not  be  in  the  least  affected.  The 
similar  atmospheres  counteract  each  other;  and, 
as  no  contrary  power  can  take  place  in  the  elec- 
trometer, it  will  remain  unelectriiied.  Touch  the 
mug  with  some  conducting  substance,  and  it  will 
immediately  attract  the  balls. 

Experiment  ccxviii.  Suspend  a  small  cy- 
linder of  gilt  paper  by  tin-foil,  and  then  touch  the 
electrified  and  insulated  mug  with  it;  a  spark  will 
pass  between  them,  and  the  electricity  will  be 
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diffused  in  each  in  proportion  to  their  capacity. 
Now  plunge  the  insulated  cylinder  to  the  bottom 
of  the  mug,  and  it  will  restore  to  it  the  electricity 
it  had  received^  but  does  not  give  the  least  sign  o( 
electricity  when  taken  out. 

Experiment  ccxix.  Connect  a  pair  of  pith 
balls  with  an  insulated  metal  vessel^  in  which  a 
metal  chain  is  placed ;  raise  the  chain  by  means 
of  a  sUk  thready  and  the  divergence  of  the  balls 
will  diminish  in  proportion  as  the  chain  is  raised 
and  displayed;  shewing,  that  the  electricity  is 
rarefied,  and  its  density  is  diminished,  in  propor- 
tion as  it  spreads  itself  from  the  surface  of  the 
vessel  on  the  extended  chain ;  which  is  confirmed 
by  the  balls  diverging  again  when  the  chain  is  let 
down  into  the  vessel.  This  experiment  affords  an 
easy  solution  for  many  of  the  phenomena  of  at- 
mospheric electricity;  as,  why  the  vapour  of  elec- 
trified water  gives  such  small  signs  of  electricity, 
and  why  the  electricity  of  a  cloud  is  increased  by 
being  compressed  or  condensed. 

Experiment  ccxx.  Excite  a  slip  of  white 
flannel,  or  a  silk  ribbon,  and  take  as  many  sparks 
from  it  as  it  will  give;  then  double  or  roll  it  up, 
and  the  contracted  flannel  will  be  strongly  gIcct 
trical,  give  sparks,  and  throw  out  brushes  of  light. 
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KEW  EXPERIMENTS  WITk  MR.  LICHTENBTJRG*5 
LARGE  ELECTROPHORUS,  BY  THl^  REV.  MR* 
BENNET;  AND  EXTRACTED  FROM  HIS  WORK^ 
ENTITLED,  ^^NEW  EXPERIMENTS  ON  EL£d- 
JRICITY." 

The  following  experiments  are  intended  as  im- 
provements on  Mr.  LichUnJ>urg%  beautiful  confi- 
guration; first  made  on  a 'resinous  electrophorus, 
by  drawing  over  it  the  knob  of  a  charged  jar,  and 
then  rendered  visible  by  sifting  powdered ,  resin 
over  the  plate;  which  falling  very  differently, 
according  to  the  circumstances  in  which  the  cj^- 
periment  is  made,  exhibits  the  diffusion  of  elec- 
tricity in  a  very  pleasing  manner;    see  flats  5, 

fig.  101,  102. 

Mr.  Bmnef%  first  electrophorus  was  a  glass  plate 
fifteen  inches  square,  covered  on  one  side  with  a 
thin  resinous  black  coating,  with  tin-foil  pasted 
on  the  other  side ; .  for,  if  the  side  opposite  to  the 
resinous  one  be  not  a  conductor,  the  electrical 
fluid  will  not  be  easily  diffused  over  it.  Glass 
was  used  that  the  electricity  might  not  be  so  lia- 
ble to  pass  through  the  small  holes  and  blistered 
places,  which  cannot  well  be  avoided  if  the  resi- 
nous substance  be  thinly  spread  upon  wood  or 
ni.ctal. 
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As  powdered  resin  projected  from  a  brush  is 
negatively  electrified,  there  appeared  no  doubt 
but  that,  chalk  and  other  powders,  which  by  the 
same  means  are  negatively  electrified,  would  an- 
swer as  well,  or  better;  such  powders  were  there- 
fore tried,  and  found  to  succeed  remarkably  well. 

Experiment  ccxxi.  The  plate  was  sus- 
pended by  a  loop  against  a  wall,  that  the  grosser 
part  of  the  powder  might  fall  to  the  ground,  and 
no  more  adhere  to  the  plate  than  was  attracted  by 
the  electricity  diffused  thereon,  A  small  jar  was 
charged  very  weakly  by  one  revolution  of  the 
electrical  machine,  and  after  its  knob  had  been 
drawn  over  the  resinous  plate,  a  cloud  of  chalk 
was  projected  by  rubbing  the  lump  upon  a  brush 
near  the  electrified  surface  of  the  plate;  this  pro- 
duced a  plain  white  line  without  any  ramifica- 
tions. 

Experiment  ccxxii.  When  the  jar  was 
charged  by  three  revolutions  of  the  machine,  ra- 
mifications appeared  upon  the  plate  at  a  consider- 
able distance  from  each  other. 

Experiment  ccxxiii.  Five  or  six  revolu- 
tions caused  the  electrical  fluid  to  spread  upon 
the  plate  in  ramifications  very  near  each  otherv 
Close  to  each  branch  a  small  space  was  left  un- 
covered with  powder,  forming  a  kind  of  shade  io 
the  figure.  Beyond  this  shade  the  powd^  lay 
smooth^  softening  off  externally. 
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Experiment  ccxxiy.  With  a  very  strong 
chargd  the  ramifications  were  close  and  broad,  re- 
sembling white  feathers  with  a  very  broad  shade. 

Experiment  ccxxv.  A  circular  brass  platfe 
with  an  insulating  handle  was  placed  upon  the 
resinous  plate,  and  a  spark,  from  the  charged  jar 
was  communicated  to  the  brass  plate,  which  was 
then  taken  off  by  its  insulating  handle,  and  chalk 
projected,  which  produced  a  very  regular  circle 
of  ramifications  about  four  inches  long,  proceed- 
ing from  the  circumference  of  the  space  covered' 
by  the  brass  plate,  and  within  the  circle  were  a 
number  of  irregular  figures  somewhat  like  stars. 
A  shock  made  to  pass  through  the  same  plate  ge- 
nerally produced  more  distinct  ramifications,  and 
sometimes  without  any  stars  within  the  circle; 
and  if  the  brass  plate  was  drawn  along  towards 
the  edge  of  the  electrophorus  whilst  touched  with 
the  knob  of  the  jar,  a  very  beautiful  figure,  s^ 
plate  5,  fig.  101,  was  produced. 

Experiment  ccxivi.  A  jar  strongly  and 
negatively  charged  was  drawn  over  the  plate,  and 
afterwards  a  pointed  wire,  held  in  the  hand  only, 
was  drawn  over  the  same  figure;  then  chalk  was 
projected,  which  produced  a  beautiful  ramified 
iigure  in  the  middle  of  the  negative  one. 

Experiment  ccxxvxi.  A  conical^  tin  funnel 
was  placed  with  its  base  on  the  middle  of  the  re* 
sinous  plate,  and  a  negative  strong  charge  given 
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by  connecting  the  discharging  rod  with  the  undef 
side  of  the  plate;  then  a  positive  charge  wa^ 
given  in  the  same  manner:  the  funnel  was  thrown 
off  and  chalk  projected^  which  prodaced  very 
beautiful  ramifications  both  within  and  on  the 
outside  of  the  circle. 

Experiment  ccxxviir.  A  knob  of  wood, 
'  about  an  inch  in  diameter  was  placed  upon  the 
wire  of  a  jar  which  was  charged  highly  positive, 
and  the  knob  drawn  over  the  plate  so  as  to  touch 
the  surface;  this  produced  a  beautiful  figure,  the 
iDiddle  of  which  was  smoothly  covered  with  chalky 
and  the  sides  finely  ramified  with  shades. 

ExpeAi'ment  ccxxix.  a  small  candle  was 
insulated,  and  its  flame  placed  about  an  inch  dis« 
tant  from  the  middle  of  the  resinous  plate;  then 
the  knob  of  a  positively  charged  jar  was  suddenly 
brought  to  the  flame,  and  both  the  flame  and  jar 
instantly  taken  away  again.  In  this  experiment, 
when  the  chalk  was  projected,  a  circular  space 
about  four  inches  in  dislmeter  was  clean  and  fi-ec 
from  powder;  the  rest  of  the  plate  was  covered, 
except  a  great  number  of  small  circular  or  elliptical 
spots,  which  shews  that  the  electrical  fluid  passed 
to  the  plate  in  detached  balls,  Hke  some  atmos- 
pheric meteors;  or  the  plate  absorbed  from  th« 
air  8  contrary  state  of  electricity,  which  produced 
this  appeafance. 
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Experiment  ccxxx.  If  a  positive  figure  be 
first  drawn^  and  then  a  negative  one  across  it^  or 
vice  versa^  when  the  powder  is  projected,  it  is  easy 
to  distinguish  which  was  first  drawn,  the  second 
appearing  to  cover  the  first ;  and,  when  the  posi- 
tiv<^  figure  is  made  last,  the  ramifications  at  the 
place  of  junction  extend  farther  than  the  rest,  and 
are  left  without  powder;  but,  if  both  the  strokes 
are  positive  or  negative,  the  first  will  appear  to 
cover  the  second. 

Experiment  ccxxxr.  If  powders  of  diffe- 
rent colours  are  mixed,  and  projected  over  the 
figures,  some  of  the  colours  will  prevail  on  the 
middle  and  some  on  the  outside,  and  especially 
if  two  figures  whose  electricity  is  contrary  are 
made  on  the  same  plate;  and  most  of  all,  when 
both  the  electrical  states  of  the  figures  and  powders 
are  contrary:  for  example,  if  minium,  whose 
electricity  is  strongly  positive,  and  sulphur,  very 
strongly  negative,  be  powdered  together,  and 
then  this  mixed  powder  be  put  into  the  bellows^ 
and  blown  upon  the  contrarily  electrified  figures, 
the  powders  separate,  and  the  sulphur  falls  upon 
the  positive  figure,  and  the  minium  on  the  nega^^ 
ti ve :  thi?  produces  a  very  pleasing  effect. 


J 
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O^  MR.  V0LTA*S  condensing  PLATES;  OR,  Of 
THE  ADVANTAGES  WHICH  MAT  BE  DERIVED 
PRO'M  AN  IMPEKFECT  INSULATION;  AND  OF 
RENDERING  VERY  SENSIBLE  VERY  SMALL 
DEGREES  OF  NATURAL  AND  ARTIFICIAL 
ELECTRICITY.* 

A  Conductor,  properly  constructed  for  making 
observations  on  atmospherical  electricity,  seldom 
affects  the  most  sensible  electrometer  when  the 
sky  is  free  from  electrical  clouds;  but,  by  means 
gf  the  apparatus  now  to  be  described,  it  will  ap« 
pear,  that  these  conductors  are  always  electrical, 
and  consequently  the  air  th^t  surrounds  them 
must  be  at  all  times  electrified.  This  method  not 
only  determines  the  existence,  but  also  the  quality 
of  the  electricity,  whether  positive  or  negative, 
and  that,  even  when  the  conductor  will  npt  attract 
the  finest  thread;  but,  if  a  very  small  attraction 
is  visible  in  the  conductor,  then  the  apparatus 
will  give  long  sparks.  J 

The  electrophorus  used  for  this  purpose,  may 
with  propriety  be  termed  a  micro-electrometer,  or 
condenser  of  electricity, 

*  Phil.  Trans. 
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Whenever  the  atmospherical  conductor  gives 
suiBcient  signs  of  electricity,  then  the  condensing 
apparatus  becomes  useless.  For,  when  the  elec- 
tricity is  strong,  it  often  happens  that  part  of  the 
electricity  of  the  metal  plate  is  impressed  upon 
the  other,  in  which  case  the  apparatus  acts  as  an 
eiectrophorus,  and  becomes  unfit  for  our  purpose. 

The  apparatus  adapted  for  this  purpose  con- 
sists of  the  upper  plate  of  an  eiectrophorus,  and  a 
semi-electric,  or  an  imperfect  conducting  plane, 
which  will  only  hinder  in  a  certain  degree  the 
passage  of  the  fluid*  Many  conductors  of  this 
kind  may  be  formed ;  such  as  a  clean  dry  marble 
slab,  a  plate  of  wood  covered  with  a  coat  of  var- 
nish, &c.  th^  surface  of  those  bodies  not  contract- 
ing electricity,  or  if  any  should  adhere  to  them^ 
it  soon  vanishes  on  account  of  their  semi-conduct- 
ing nature;  for  which  reason  they  cannot  answer  * 
the  end  of  an  eiectrophorus,  but  are  fit  to  be  used 
as  condensers  of  electricity. 

Care  should  be  taken  however  in  choosing  this 
plane,  that  it  be  not  of  too  free  a  conducting 
nature,  nor  likely  to  become  so  by  use,  it  being 
absolutely  necessary  that  the  electricity  should 
find  a  considerable  resistance  in  pervading  its  sur- 
face. In  preparing  such  a  plane,  by  drying  or 
otherwise,  it  is  much  better  to  come  too  near  than 
too  far  from  a  non-conductor.  A  marble  slab,  ot 
lK>ard  properly  dried,  answers  well,  and  is  prefer*^ 

A  a 
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blc  to  any  other  plane;  otherwise  the  plate  of  the 
electrophorus  is  preferable  tQ  all  bodies  unpre- 
pared. 

The  worst  sort  of  marble,  if  coated  with  copal^ 
'  amber^  or  iac- varnish^  and  then  kept  in  an  oven 
for  a  short  time,  will  answer  very  well,  even  with- 
out previously  warming  for  the  experiment. 

This  in  fact,  it  may  be  said,  is  returning  to  the 
electrophorus ;  as  marble,  wood,  &c.  varnished,  if 
they  arc  hot,  may  be  excited  by  a  very  slight  fric- 
tion, and  sometimes  by  only  laying  the  metal  plate 
on  them ;  to  prevent  which,  they  should  be  used 
without  warming. 

The  advantages  plates  of  this  kind  have  over 
the  common  electrophorus  are,  1  •  That  the  var- 
nish is  always  thinner  than  the  common  resinous 
stratum  of  an  electrophorus;  and  2.  That  the 
varnish  acquires  a  smoother  and  plainer  surface: 
hence  the  metal  plate  can  with  more  advantage  be 
adapted  lo  it. 

Any  sort  of  plane,  covered  with  dry  and  clean 
oil-cloth^  or  oiled  silk  or  satin,  and  any  other  silk 
stuff  that  is  not  very  thick,  may  be  used  with 
equal  advantage,  if  it  is  slightly  warmed.  Silk 
stuffs  answer  better  for  this  purpose  than  those 
made  of  cotton  or  wool,  and  both  better  than 
linen.  Paper,  leather^  wood,  ivory,  bone,  and 
every  other  sort  of  imperfect  conductors,  may  be 
made  to  answer  to  a  certain  degree>  if  they  Aft 


|)fevioUs!y  dried,  and  kept  hot  during  the  expet*i* 
ment. 

This  apparatus  is  rfendel*ed  more  simple  by, ap- 
plying the  silk,  &c.  to  the '  upper  plate  of  metal, 
which  is  fixed  to  the  glass  handle,  instead  of  the 
marble  of  other  plate,  which  how  becomes  useless; . 
for  in  its  stead,  a  plane  of  any  kind  may  be  used, 
as  a  common  wooden  or  matble  t^bte,  even  not 
very  dry;  a  piece  of  metal,  a  book,  or  atiy  other 
conductor  >Hrith  a  flat  surtFace* 

Nothing  more  is  requisite  in  these  experiments, 
than  that  the  electricity,  which  tends  to  pass  front 
One  surface  to  the  other,  should  meet  wllh  some 
k*esistance  of  opposition  itt  orte  of  the  surfaces. 

It  is  immaterial,  whether  the  non-conducting 
W  semi-conduttihg  strAtum  be  laid  upon  one  ot 
the  oth*r  of  thoic  planes;  all  that  is  necessary  is, 
that  they  should  coincide  together,  which  render^* 
it  proper  to  use  two  planes  that  h^ve  been  grouhtl 
together,  and  one  of  them  vafnished.  A  single 
metal  plate  covered  with  silk,  with  thtee  silk 
istri'ogs  fastened  to  it  by  way  of  handle,  tttay  be 
"conveniently  used  for  ordinary  experiments. 

To  use  the  apparatus,  the  upper  metal  plate 
ttio^t  be  placed  upon  the  unelectrified  plate  and 
in  perfect  contact  with  it. 

The  plaids  being  thus  placed,  let  a  wire  coin- 
tatinidating  With  the  conductor  bt  brought  to 


372  OP  VOLTA  S 

touch  the  metal  plate  of  the  electrophorus^  and 
that  only. 

The  apparatus  being  left  in  that  situation  a 
certain  time,  will  acquire  a  sufficient  quantity  of 
electricity,  but  very  slowly. 

Remove  the  communicating  wire  from  the  me- 
tal plate,'  and  by  means  of  its  insulated  handle 
separate  it  from  the  under  one;  it  will  now  attract 
a  thread,  electrify  an  electroqrieter,  and,  if  it  is 
strong,  will  give  sparks,  &c.  though  the  atmosphcT 
rical  conductor  shewed  no,  or  only  small  signs 
of  it. 

It  is  not  easy  to  determine  the  exact  time  neces- 
sary  for  this  apparatus  to  remain  in  contact  with 
*the  conductor,  as  it  will  depend  on  many  circum- 
stances; for,  if  there  arc  no  signs  of  electricity  in 
the  conductor,  it  will  require  eight  or  ten  minutes, 
but  if  it  attracts^fine  thread,  as  many  seconds  will 
be  found  sufficient. 

It  is  difficult  also  to  determine  the  precise  de- 
gree to  which  the  electricity  may  be  condensed, 
or  how  much  the  electrical  phenomena  may  be 
increased  by  this  apparatus,  as  it  depends  on  va- 
rious circumstances.  The  augmentation  is,  bow- 
ever,  greater  in  proportion  as  the  body  which 
supplies  the  metal  plate  has  a  greater  capacity, 
and  is  larger  in  proportion  as  the  electricity  is 
weaker.    Thus,  though  the  atmospherical  con^ 
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doctor  has  scarcely  power  sufficient  to  attract  a 
fine  thread,  it  is  nevertheless  capable  of  giving 
such  a  quantity  of  electricity  to  the  metal  -plate  of 
the  electrophorus,  as  not  only  to  actuate  an  elec- 
trometer, but  even  dart  strong  sparks.  But  if  the 
electricity  of  the  atmospherical  conductor  is  strong 
enough  to  afford  sparks,  or  to  raise  the  index  of 
the  electrometer  to  five  or  six  degrees,  then  the 
receiving  plate  of  the  elcctrophorus,  according  to 
this  method,  will  raise  its  index  to  the  highest 
degree  and  give  a  stronger  spark;  yet  it  may  be 
plainly  perceived,  that  the  condensation  is  pro- 
portionably  less  in  this  than  in  the  other^case;  for 
this  reason  the  electricity  cannot  be  accumulated 
beyond  the  greatest  degree;  that  is  to  say,  when 
it  is  increased  so  much  as  to  be  dissipated  every 
way:  therefore,  as  the  electric  power  which  sup- 
plies the  condenser  is  nearest  to  the  highest  de- 
gree, the  condensation  is  proportionably  less;  but 
in  this  case  the  condenser  is  useless,  its  principal 
use  being  to  collect  and  render  sensible  that  small 
quantity  of  electricity,  which  would  otherwise  re- 
main imperceptible  aed  unobserved. 

Hitl^erto  we  have  adapted  our  condenser  to 
the  detecting  weak  atmospherical  electricity,  as 
brought  down  by  the  conductor;  but  this,  though 
the  principal,  it  not  the  only  use  to  which  it  may 
be  applied.   It  will  likewise  discover  artificial  elec-^ 
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tricity^  when  it  is  so  weak  aa  not  to  be  diacovera* 
ble  by  any  other  roeans. 

A  Leyden  jar  charged^  and  then  discharged  by 
touching  its  coated  sides  with  the  discharging  rod 
or  the  band,  appears  to  be  quite  deprived  of  its 
electricity;  yet,  if  you  touch  the  knob  of  it  with 
the  metal  plate  of  the  condenser,  situated  upon 
an  imperfect  conducting  plane,  and  immediately 
take  up  the  plate,  it  will  be  found  to  g^ve  veij 
conspicuous  signs  of  electricity.  But,  if  just 
sufficient  charge  is  left  in  the  jar  to  attract  a  fine 
thread,  and  the  metal  plate  is  then  brought  to 
touch  the  knob  for  a  moment,  it  will,  when  lifted 
uP)  g^ve  a  strong  spark,  and  if  touched  again,  a 
second  scarce  smaller  than  the  former;  and  thus 
spark  after  spark  may  be  obtained  for  a  long 
time. 

This  method  of  producing  sparks,  by  means  of 
a  jar  which  is  not  charged  so  high  as  to  give  sparks 
of  itself,  is  very  convenient  for  various  pleasing 
experiments;  as  to  fire  or  light  the  inflammable- 
air  pistol  or  lamp;  especially  when  a  person  is 
provided  with  one  of  those  jars  contrived  by 
Mr.  Cavallof  which,  when  charged,  may  be  car- 
,  ried  in  the  pocket  a  long  time.  These  jars,  as 
they  retain  a  sensible  charge  for  several  days,  will 
retain  an  insensible  one  for  weeks  and  months; 
or,  such  a  one  as  cannot  easily  be  'discovcre4 
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without  the  Gondoiser^  in  which  case  it  becomes 
more  than  sensible^  and  sufficient  for  the  experi- 
ments  of  the  im flammable-air  pistd,  &c. 

Secondly.  If  you  have. an  electrical  machine 
ao  far  out  of  order,  that  its  conductor  will  not 
give  a  spark  nor  attract  a  thread,  then  let  this 
conductor  touch  the  metal  pl^te  of  the  condenser, 
find  continue  in  that  situation  a  few  minutes;  the 
nnachinc  being  still  in  motion,  lift  up  the  metal 
plate,  and  you  will  obtain  from  it  a  strong  spark. 

Thirdly^  If  *tbe  electrical  machine  acts  well, 
but  the  conductor  is  so  badly  insulated  that  it  will 
not  give  a  spark,  either  ^om  its  being  connected 
with  the  walls  of  the  room,  or  by  having  a  chain 
from  it  to  the  table,  let  the  conductor  in  this  state 
touch  the  metal  plate  of  the  condenser,  whilo  the 
machine  is  in  action,  the  plate  will  afterwards 
give  sufficient  strong  signs  of  electricity;  which 
proves  the  great  power  this  apparatus  has  of. draw- 
ing and  condensing  the  electricity. 

Fourthly.  Where  the  electrometers  are  not 
sufficiently  sensible  to  discover  the  quantities  of 
excited  electricity,  those  quantities  may  be  readily 
explored  by  the  condenser.  For  this  purpose, 
rub  tboae  bodies  with  the  metal  plate  of  the  con-*- 
denser,  which  for  this  purpose  must  be  naked, 
and  if  the  plate  be  «tbcn  presented  to  an  electra- 
meter,  it  will  be  found  considerably  electrified, 
although  the  body  rubbed  may  have  acquired  little 
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or  no  electricity.  The  quality,  whether  positive 
or  negative^  may  easily  be  ascertained,  since  the 
electricity  of  the  metal  plate  must  be  the  contrary 
of  that  body  on  which  it  was  rubbed.  Mr.  Ca^ 
liallo  made  usa  of  this  method  to  discover  the 
electricity  of  many  bodies.  But  still  a  better  me- 
thod may  be  used,  in  case  the  bodies  to  be  exa- 
mined cannot  easily  be  adapted  to  the  metal  plate^ 
v/».  the  metal  plate  being  laid  on  the  imperfeci 
conducting  plane,  the  body  to  be  tried  is  rubbed 
against,  or  repeatedly  stroked  upon  it,  which  done, 
the  plate  is  taken  up  and  examined  by  an  electro- 
meter.  If  the  body  tried  is  leather,  a  string,  cloth, 
velvet,  or  other  imperfect  conductor  of  the  like 
sort,  the  plate  will  certainly  be  found  electrified, 
and  incomparably  more  by  this  means,  than  if  it 
were  stroked  by  the  same  bodies,  whilst  standing 
insulated  in  the  air.  In  short,  by  either  of  those 
methods  you  will  obtain  electricity  from  bodies 
which  could  hardly  be  expected  to  give  any,  even 
when  they  arc  not  very  dry.  Indeed,  coals  and 
metals  excepted,  every  other  body  will  afford 
some  electricity.  Electricity  may  often  be  ob- 
tained by  stroking  the  plate  with  the  naked  hand. 

The  metal  plate  has  a  much  greater  power  to 
retain  elettricity  when  it  lies  upon  a  proper  plane, 
as  mentioned  in  the  foregoing  experiments,  tbaq 
when  quite  insulated. 
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It  is  easy  to  compreheTid,  that  where  the  capa* 
city  of  holding  electricity  is  greatest,  there  the 
intensity  of  the  electricity  is  proportionably  less, 
for  it  will  then  require  a  greater  quantity  to  raise 
it  to  a  given  degree  of  intensity;  so  that  the  ca- 
pacity is  inversely  as  the  intensity;  by  which  we 
mean,  that  endeavour,. by  which  the  electricity  of 
an  electrified  body  tends  to  escape  from  all  parts 
of  it;  to  which  tendency,  or  endeavour,  the  elec- 
trical phenomena  of  attraction  and  repulsion,  and 
especially  the  degree  of  elevation  of  an  electrome^ 
ter,  correspond. 

That  the  intensity  of  electricity  must  be  in- 
versely proportioned  to  the  capacity  of  the  body 
electrified,  will  be  clearly  exemplified  by  the  fol- 
lowing experiment. 

Experiment  ccxxxn.  Take  two  metal  rods 
of  equal  diameters,  the  one  a  foot,  the  other  five 
feet  long;  let  the  first  be  electrified  tiil  the  index 
of  the  electrometer  rises  to  6o°,  then  let  it  touch 
the  other  rod;  and  in  that  case  it  is  evident,  that 
the  intensity  of  the  electricity,  being  difftised  be- 
tween the  two  rods,  will  be  diminished  as  the  ca- 
pacity is  increased;  so  that  the  index  of  the  elec^ 
trometer,  which  before  was  elevated  to  6o°,  will 
now  fall  to  10%  viz.  to  one-sixth  of  the  former 
intensity.  For  the  same  reason,  if  the  like  quan- 
tity of  electricity  was  communicated  to  a  rod 
^p  feet  long,  its  intensity  would  be  diminished  to 


one  degree;  and^  on  the  contrary,  if  the  electri- 
eity  of  the  long  conductor  was  contracted  into  the 
6otb  part  of  that  capacity^  its  intensity  would  b^ 
increased  to  6(f. 

Conductors  of  different  bulks  have  not  only 
different  capacities  for  holding  electricity^  Ibut 
also  the  capacity  of  the  same  conductor  is  in- 
creased and  diminished  in  proportion  as  its  sur^ 
iace  is  enlarged  and  contracted;  as  is  shewn  in 
Dr.  Franklins  eicperiment  of  the  can  and  chain, 
&c«  from  which  it  has  been  concluded^  that  the 
capacity  of  conductors  is  in  proportion  to  their 

sur&ce,  and  not  to  their  quantity  of  matter, 

* 

This  conclusion  is  true^  but  does  nor  compre- 
hend the  whole  theory^  since  even  the  extension 
contributes  to  increase  the  capacity*  In  short,  it 
appears  from  all  the  experiments  hitherto  made, 
that  the  capacity  of  conductors  is  not  in  propor- 
tion to  the  surfaces  in  general^  but  to  the  surfaces 
which  are  free  or  uninfluenced  by  similar  or  ho- 
mologous atmospheres ;  and  further,  that  the  ca- 
pacity of  a  conductor,  neither  altered  in  its  form 
or  surface,  is  increased  when,  instead  of  remain- 
ing quite  insulated,  it  is  presented  to  another  not 
insulated ;  and  this  increase  is  more  conspicuous, 
as  the  surfaces  of  the  conductors  are  larger,  and 
approach  nearer  to  each  other. 

The  above-mentioned  circumstances,  by  which 
the  natural  capacity  of  conductors  is  greatly  augi^ 
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mentod,  has  been  overlooked^  and  theraforev  no 
advantage  has  hitherto  been  deduced  from  it. 
The  foUowipg  experiment  will  shew  this  increased 
capacity  in  the  simplest  manner. 

Experiment  ccxxxiii.  Take  the  metal  plate 
of  an  electrophorus,  hold  it  by  its  handle  in  the 
air^  and  electrify  it  so  that  the  index  of  an  elec-p 
tromcter  annexed  to  it  may  be  elevated  to  60% 
then  lower  the  plate  by  degrees  to  a  tabic  or  other 
plain  conducting  surface^  the  index  will  gradually 
fall  from  6o^  to  50^40^  30^  &c.  and  yet  the 
quantity  of  electricity  in  the  plate  remains  the 
same,  except  it  is  brought  so  near  the  table,  as  to 
occasion  a  transmission  of  the  electricity  from  the 
former  to  the  latter;  at  least,  it  will  remain. as 
near  the  same,  as  the  dampness  of  the  air,  &c.  will 
p^srmit.  The  decrease  of  intensity  is  owing  to 
the  increased  capacity  of  the  plate,  which  is  now 
not  insulated,  or  solitary,  but  conjugate  or  com- 
municating with  another  conductor:  for,  let  the 
plate  be  gradually  removed  from  the  table,  the 
electrometer  will  rise  agam  to  its  former  station, 
namely  to  60^;  excepting  the  loss  that  the  air,  &c. 
may  have  occasioned  during  the  experiment. 

The  reason  of  this  phenomenon  is  easily  derived 
from  the  action  of  electric  atmospheres.  The 
atmosphere  of  the  metal  plate,  which  for  the  pre- 
sent I  shall  suppose  electrified  positively,  acta 
upon  the  table  or  other  conductor  to  which  it  is 
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)  that  the  electric  fluid  in  the  table 
e  remoter  parts  of  it,  becomes  more 
parts  which  are  exposed  to  the  metal 
is  rarefaction  increases  the  nearer  the 
etal  is  brought  to  the  table:  if  the 
is  electrified  negatively,  the  contrary 
ilace.  In  short,  the  pans  wlucb  are 
the  sphere  of  action  of  the  electrified 
itracting  a  contrary  electricity,  g^ve 
^  of  the  metal  plate  an  opportunity  to 
,  and  will  thus  diminish  its  intensity, 
y  the  depression  of  the  electrometer, 
allowing  experiments  will  throw  more 
he  reciprocal  action  of  the  electric 


ENT  ccxxxrv.  Hectrify  two  flat 
Mther  both  poatively  or  negatively; 
:hem  gradually  towards  each  other, 
)pear,  by  two  annexed  electrometeps, 
:r  they  approach  each  other,  the  more 
:6  will  increase,  as  all  elastic  bodies 
x)rtion  as  they  are  acted  on ;  which  - 
either  of  the  two  conjugate  powers 
less  capacity  to  receive  more  fluid 
hen  singly  insulated,  and  out  of  the 
the  other. 

riment  explains,  why  the  tension  of 
Ltmosphere  on  an  electrified  cooduc- 
when  it  is  contracted  into  a  smaller 
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bulk;  and  also^  why  a  long  extended  conductor 
will  shew  less  intensity  than  a  more  compact  one, 
supposing  their  quantity  of  surface  and  electricity 
to  be  the  same;  because  the  homologous  atmos- 
pheres of  tjieir  parts  interfere  less  with  each  other 
in  the  former  than  in  the  latter  case,  and  of 
course^  as  their  action  is  less,  the  re-action  is  also 
less* 

Experiment  ccxxxv.  Electrify  one  of  these 
flat  conductors  positively,  the  other  negatively, 
and  thp  effects  will  then  be  just  the  reverse  of  the 
preceding,  viz.  the  intensity  of  their  electricities 
will  be  diminished,  because  their  capacities,  or 
their  power  and  facility  of  expanding,  are  in- 
creased, the  nearer  the  conductors  come  to  each 
other. 

Apply  the  explanation  of  thi&  last  experiment 
to  that  mention)ed  before,  viz.  the  bringing  the 
electrified  metal  plate  towards  a  conducting  plane 
which  is  not  insulated;  for,  as  this  plane  acquires 
a  contrary  electricity,  it  follows,  that  the  intensity 
of  electricity  in  the  metal  plate  must  be  dimi- 
nished, and  the  annexed  electrometer  is  depressed 
according  as  the  capacity  of  the  plate  is  increased, 
or  as  the  density  of  its  atmosphere  is  diminish^; 
and,  consequently,  the  plate  in  that  situation  is 
capable  of  reqeiving  a  greater  quantity  of  cicc-* 
iricitv. 


OF  VOLTA  S 


is  \vill  be  rendered  still  clearer  by  the  fijf<nfr* 
:periment. 

PERIMENT  ccxixvf.     Insulate  the  con- 
ig  plane  whilst  the  Other  electrified  plate  is 
it,  and  afterwards  separating  theiti^  both  the 
plate  and  conducting  plane,  which  may  he 
the  inferior  plane,  will  be  found  electriiicdy 
ossessed  of  contrary  electricities^  as  may  b\B 
ained  by  electrometers, 
he  inferior  plane  is  insulated  firsts  and  then 
ectrified  plate  is  brought  over  it,  the  latter 
Lusc  an  endeavour  in  the  former  to  acquire  a 
Lty  electricity,  which  the  insulation  prevents 
aking  place;  hence  the  intensity  of  the  elec- 
of  the  plate  is  not  diminished,  at  least,  the 
>meter  will  shew  a  very  little  and  almost 
:eptible  depression ;  which  small  depression 
ng  to  the  imperfection  of  the  insulation  of 
iferior  plane,  and  to  the  small  rarefaction 
>ndensation  of  the  electric  fluid,  which  may 
)lace  in  different  parts  of  the  said  inferior 
But  if,   in   this  situation,  the   inlerior 
be  touched  so  as  to  cut  off  the  insulation 
moment,  then  it  will  acquire  the  contrary 
city,  and  the  intensity  in  the  metal  plate 
e  dttninished. 

iie  inferior  plate,  instead  of  being  insulated^ 
tself  a  non-conducting  substance^  then  tbc 
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same  phenomena  would  happen ,  vit.  the  intensity 
of  the  electrified  metal  plate  laid  upoti  it  trould 
not  be  diminiBhed.  This,  however,  is  not  always 
the  case,  for  if  the  said  inferior  non-conducting 
plane  is  very  thin,  zni  is  laid  upon  a  conductor^ 
then  the  intensity  of  the  electrified  metal  plate 
will  be  diminished,  and  its  capacity  will  be  in- 
creased by  being  laid  upon  the  thin  insulating 
stratum;  as  in  that  case,  the  conducting  sub- 
stance which  stands  under  the  non-conducting 
stratum,  acquiring  an  electricity  contrary  to  that 
of  the  metal  plate,  will  tliminish  its  intensity,  Sec. 
and  then  the  insulating  stratum  wilt  only  diminish 
the  mutual  action  of  the  two  atmospheres  more  or 
less,  according  as  it  keeps  them  at  greater  or 
smaller  distances  from  each  other. 

Hie  intensity  or  electric  action  of  the  metal 
plate,  which  diminishes  gradually  as  it  is  brought 
nearer  and  nearer  to  a  conducting  plane  not  insu^ 
lated,  becomes  almost  nothing  when  the  plate  is 
nearly  in  contact  with  the  plane,  the  compensa- 
tion or  ndtdral  balance  being  nearly  perfect. 
Hence,  if  the  inferior  plane  oqly  opposes  a  smidl 
resistance  to  the  p^^sage  of  the  electricity,  whe- 
ther such  resistatice  is  occasioned  by  a  thin  elee^ 
trie  stratum,  or  by  the  plane's  imperfeat  conduct- 
ing nature,  as  is  the  case  with  dry  wood,  itiarbie, 
8te,  that  t^istanee  joined  to  the  interval,  however 
smull,  that  is  between  the  two  plates>  cannot  be 
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overcome  by  the  weak  intensity  of  the  elcdtrkritjr 
of  the  metal  pkte,  which  on  that  account  wiU 
not  dart  any  dpark  to  the  inferior  plane,  except 
its  electricity  were  very  powerful,  or  its  edges  not 
well  rounded,  and  will  rather  retain  its  electricity ; 
so  that,  being"  removed  from  the  inferior  plane,  its 
electrometer  will  nearly  recover  its  former  height. 
Besides,  the  electrified  plate  may  even  come  to 
touch  the  imperfectly  conducting  plane,  and  may 
remain  in  that  situation  for  some  time;  in  which 
case,  the  intensity  being  reduced  almost  to  no- 
thing, the  electricity  will  accordingly  pass  but 
slowly  to  the  inferior  plane.  But  the  case  is  dif- 
ferent, if,  i;i  performing  this  experiment,  the 
electrified  metal  plate  touches  the  inferior  plane 
edgewise,  for  then  its  intensity  being  greater  thait 
when  it  is  laid  flat,  as  appears  by  the  electrometer, 
the  electricity  easily  overcomes  the  small  resist- 
ances and  passes  to  the  inferior  plane,  even  across 
a  thin  stratum,  because  the  electricity  of  one 
plane  is  balanced  by  that  of  the  other,  only  in 
proportion  to  the. quantity  of  surface  which  they 
oppose  to  each' other  within  a  given  distance;  so 
that  when  the  metal  plate  touches  the  other  plane 
in  flat  and  ample  cotltact,  its  electricity  is  not  dis- 
sipated. This  apparent  paradox  is  clearly  ex- 
plained by  the  theory  of  electric  atmospheres. 

It  is   still  more  like  a  paradox,  that  neither 
touching  the  metal,  platie  with  a  finger  or  piece  of 
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tnetal  will  deprive  it  of  all  its  electricity,  while 
standing  upon  the  proper  plane;  so  thatit.gene^ 
rally 'Ijsaves  it  so  far  electrified^  that  when  sepa^ 
rated  from  the  plane,  it  will  give  a  spark.  Indeed 
this  pBcmomenon  could  not  be  explained  on  -the 
supposition^  that  the  finger  or  metal  were  perfect 
conduetors.  But^  since  we  do  not  know  of  any 
perfect  conductor,  the  metal  or  finger*  oppbse  a 
sufficient  resistance  to  retard  the.  immediate  dis-^ 
sipation  of*  the  electricity  of  the  plate>  wiiici^  is  in 
that  case  actuated  by  a  very  small  ddgte^.-of  M* 
tensity  or ,  power  of  expansion ;  so  that  suppose^ 
for  instance,  the  piece  of  metal  or  fibager  touching 
the  plate  tbok  off  so  intich  <jf  its  electricity,,  as  to 
reduce  the  intensity 'of  the.  remainder  •  to  the  50th 
part  of  a  degree,  this  remaining'  elecitrtdty  would 
be  thto  nothing;  but  when  the  plate,>  by  bdng 
separated  from  the  inferibr  plane,:  has  its  capiicity 
so  far  diminished^  as  to  render  the  inteasity  of  its 
electricity  100  times  gfbater^  thdh  the  iatenaity  of 
that  remaning  electricity  would  become. of  two 
de^€Q$,  Of  more^  viz,  i^ufiicient  to  afford  a  spark. 

Haying:  codsidered.  in  <vhat  manner  the  action 
of  electric,  atmospheres  modifies  the  electricity  of 
the  metal  {)late  in  its  various  situations^  we  shall 
now  consider  the  effects  which  take  place,  when 
the  elebtrtcity  is  communicated  to  the  metal  plate^ 
ivbtljH  standing  upon  a  tnetal  plane;      As  the 
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whole  business  has  been  proved  iu  the  preceding 
peges^  it  is  easy  to  deduce  the  applications  fiDm 
it:  nevertheless,  it  will  be  useful  to  exemplify  it 
by  an  experiment. 

ExPK&iMBNT  ccxxxvii.  Supposc  a  LeydcH 
jar,  or  a  conductor,  so  weakly  electrified  that  its 
intensity  is  one-half  a  degree,  or  eren  less;  if  the 
metal  plate  of  the  condenser,  when  standmg 
upon  ks  proper  plane,  was  to  be  touched  widi 
that  jar  or  conductor,  it  is  evident  that  either  of 
them  would  impart  to  it  a  quantity  of  its  dectri* 
city  proportional  to  the  plate's  capacity,  v$m.90 
much  as  should  make  the  intensity  of  the  electric 
city  of  the  plate  equal  to  that  of  the  electricity  in 
the  conductor  or  jar,  viz.  half  a  degree;  but  the 
plate's  capacity,  now  it  lies  upon  a  proper  plane, 
is  above  iOO  times  greater  than  if  it  stood  insu* 
lated  in  the  air;  or,  which  is  the  same  thing,  it 
acquires  100  times  more  electricity  from  the  jar 
or  oondiietor.  It  naturally  follows,  that  when 
the  metal  plate  is  removed  from  the  proper  plane, 
its  capacity  being  lessened  so  as  to  remain  equal 
to  the  lOOth  part  of  what  it  was  before^  the  in- 
tensity of  its  electricity  must  become  50P,  ance 
the  intensity  of  the  electricity  in  the  jar  or  con* 
ductor'  was  half  a  degree. 

If  a  small  quantity  of  electricity,  applied  to  the 
metal  plate  of  the  condenser,  enables  it  to  give  a 


BVtoAg  sp»rk»  it  may  be  itfked>  What  would  a 
greater  quantity  dal  Why^  nothing  more.  Be^ 
cause,  when  the  electricity  commHiucated  to  the 
metal  pl^te  ia  9a  strong  as  to  overcome  the  small 
fesistance  of  tlie  inferioir  plane>  it  wUl  be  dassi* 
pated» 

It  is  easy  to  uttdentandi  that  if  the  metal  pUt< 
of  the  condenser  can  receive  a  good  share  c^  elec^ 
tridty  from  a  tiCyden  jar  or  ample  ccmductOTi 
IwHi^Fer  WQsl^ly  electrified^  it  cannot  I'eceive  any 
eovtfiden^e  quantity  of  it  from  a  conductor  of 
anMU  capacity  i  for  this  CQuductor  cannot  give 
wbat  it  has  nQt>  except  it  were  continually  re- 
oc^vneit  ^  9tteam>  however  small^  as  is  the  case 
with  an  aMnospbediCal  Qonductor>  oe  with  th0 
«<i«4n0lQr  of  a  machine  wUck  acts  veiy  weiUyi 
Im  CQBtinuiV  19  acti^*  In  those  cases  it  has 
VacQ  citNiemsdi  that  a  considerable  tipie  is  re- 
i|uifed  befiwe  the  metal  platQ  has  acquired  a  suffi-^ 
dent  quantity  of  electricity* 

As,  an  mfk  C9nd>KCtor>  weakly  decttified^ 
tnpwrta  a  conndevable  quantity  of  electricity  to 
tktef  «M^  pl«t«  of  the  condenser^  00  when  this 
flaift  ift  af^^rwafds  aepMated  (torn  its  plaae^  the 
tlectr^Qr  in  it  appears  ttwch  condensed  and  vi- 
gofonsi  when  the  same  plate  containa  a  mall 
quantity  of  dectricity/  such  as  camot  give  a 
tfiuk  «f  afjg^  an  deetromffter^  diat  dkctrieity 

a  b  2 
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may  be  rendered  very  conspicuous  by  communis 
eating-  it  to  another  small  plate  or  condenser. 
•  Mr.  Cavallo  first  thought  of  this  improvement, 
by  reasoning  on  Mr.  Folta^s  experiments.  He 
made  a  small  metal  plate  not  exceeding  the  aze 
of  a  shilling:  this  second  condenser  is  of  great 
use  jn  many  cases,  where  the  el6ctricity  is  so 
small  as  not  to  be  at  all,  or  not  clearly  observable, 
by  one  condenser  only,  as  has. been  fblly proved. 
Sometimes  ^he  usual  metal  plate  of  a  condenser 
acquires  so  small  a -quantity  of  electricity,  that 
being '  afterwards  taken  from  the  inferior- plane; 
and  presented  to  an  extremely  sensible  electro- 
meter, made  by  Mr.  Cavatloy  it  did  not-afiect  it* 
In  this  case,  if  the  said'  plate  thus  weakly  dec- 
irified  was  made  to  touch  the  other  small  plate 

•  •  • 

properly  situated,'  and  -was  afterwards  brought 
near  an  electrometer,  the  felectricity  was  then 
generally  stronger  than  was'  sufficient  merely  to 
ascertain  its  quality. 

Now,  if  by  the  help  of  both  condensers,  the 
intensity  of  the  electridty  )ias  been  augmented 
lOOO  tim^s,  which  is  -by  no  means  sin  GXBgerar^ 

•  ►  •  • 

tion,  bow!  weak  must  th'eh.  be  the  electricity  of 
the  1  body  examined !  hbW  small  the*  quantity  of 
electricity <  thiit  is  jjroduted  by  rubbing  a  piece, 
of  metal  with  ilia's  bMd!-  since,  when  it. is  con- 
denrvsed  %  both  •Ooiidfensers,  and  then  comniuni* 
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cated  to  an  electrometer,  it  Will  hardly  affect  that 
instrument,  and  yet  is  sufficient  to  afford  convic- 
tion,  that  the  metal  can  be  electrified  by  the 
friction  of  a  person's  hand. 

Before  the  discovery  of  the  condenser,  and 
Mr.  Cavalld%  very  sensible  electrometer,  we  were 
far  from  being  able  to  discover  such  weak  excita- 
tions ;  whereas,  at  preserit,  we  can  observe  a 
4;fuantity  of  electricity  incomparably  smaller,  than 
the  smallest  observable  at  those  times.  .  . 
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OP  THE  MBTH008  OP  MANIFESTING  THE  fliM^ 
SBNCB^  AND  ASCERTAINING  THE  QUALITT 
OF  NATVaAIf  01^  ARTIFICIAL  BLBCTHICITT, 

Mfit  Qfnim^M  the  first  person  who  oonstructed 
lui  electrometer,  or  instrament  capable  of  shewing 
what  was  then  considered  as  a  small  quantity  of 
el^tricity.  This  instrument  consisted  of  two 
small  halls  of  pith  of  elder,  or  of  cork^  fastened  to 
the  two  extremities  of  a  linen  thread,  the  middle 
of  which  was  fastened  to  an  oblong  wooden  box, 
ia  which  the  thread  and  balls  were  kept  when  not 
actually  in  use. 

Mr.  Cavatto  found,  in  the  course  of  his  experi* 
ments,  that  these  were  not  sufficiently  sensible; 
and  that  a  small  quantity  of  power,  being  diffused 
through  the  box,  thread,  and  balls,  had  not  suffix 
cient  power  to  separate  the  balls. 

To  obviate  this,  Mn  CavaUo  made  the  electro- 
maters  very  short;  suspended  each'  ball  by  a  sepa-^ 
rate  piece  of  silver  wirCj  the  upper  part  of  which 
was  formed  into  a  loop,  moving  in  a  ring  of  wire; 
this  he  inclosed  in  a  bottle;  from  whence  it  ac^ 
<}ilire4  the  name  of  the  ht^k  ek^frmeter^ 
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DBSCRIPTION  OF  Mil.  CATALtO*ft  BOTTLB 

SLECTROMBTER* 

The  prihcipal  part  of  this  instrument  is  a  glass 
tube,  C  D  M  N,  plaie  4^  fig.  76,  cemented  at  the 
bottom  into  the  brass  piece,  A  B^  by  which  palrt  the 
instrument  is  to  be  held,  when  used  for  the  atmos- 
phere;  and  it  also  serves  to  screw  the  instrument  in« 
to  its  brass  case^  AB  C.  The  upper  part  of  the  tube 
C  D  M  N^  is  shaped  tapering  to  a  small  extremity, 
which  is  entirely  covered  with  sealing-wax;  into 
this  tapering  part  a  small  tube  is  cemented,  the 
lower  extremity,  being  also  covered  with  sealing- 
wax,  projects  a  small  way  within  the  tube, 
CDM  N;  into  tUa  smaller  tube  a  piece  of  wire 
is  cenlented,  Which  .with  its  under  extremity 
touches  the  flat  piece  of  ivory,  H,  fastened  to  the 
tube  by  <neans  of  a  cork;  the  upper  extremity  of 
the  wire  prefects  about  a  quarter  of  an  inch  above 
the  tube,  and  screws  ibto  the  brass  cap,  £F, 
which  cap  is  open  at  the  bottom,  and  serves  to 
defend  the  waxed  part  of  the  instrument  from 
rain,  &c, 

I M  and  K  N  are  two  narrow  slips  of  tin-foil, 
stuck  on  the  inside  of  the  glass  C  D  M  N^  and 
communicating  with  the  brass  bottom^  AB. 
They   serve   to  convey  that   electricity,   which. 
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when  the  balls  touch  the  glass,  is  communicated 
to  it,  and  being  accumulated,  might  disturb  the 
free  motion  of  the  balls. 

To  use  this  instrument  for  artificial  electridty, 
electrify  the  brass  cap  by  an  electrified  substance, 
and  the  divergence  or  convergence  of  the  balls  of 
the  electrometer,  at  the  approach  of  an  excited 
electric,  will  shew  the  quality  of  the  ele<;tricity. 
The  best  manner  to  electrify  this  instrument  is, 
to  bring  excited  wax  so  near  the  cap  that  one  or 
both  of  the  corks  may  touch  the  side  of  the 
bottle,  C  D  M  N;  after  which  they  will  soon  col- 
lapse and  appear  unelectrified.  If  now  the  wax 
is  removed,  they  will  again  diverge,  and  remain 
unelectrified  positively. 

When  this  electrometer  is  to  be  used  to  try  the 
electricity  of  the  fogs,  air,  clouds,  &c,  the  ob- 
senrer  is  to  do  nothing  more  than  unscrdw  it  from 
its  case,  and  hold  it  by  .the  bottom,  AB,  to  pre- 
sent it  to  the  air  a  little,  above  his  head>  so  that  he 
may  conveniently  see  the  balls,  P,  which  will 
immediately  diverge,  if  there  is  any-  electricity) 
i.  e.  whether  positive  or  negative  may  be  ascer- 
ti\ined,  by  bringing  an  excited  piece  of.  sealing-* 
wax  or  other  electric  towards  the  brass  cap,  £  F, 
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OP   MR.  DB  SAUSSURE's  BO^TTLE  ELECTRO*      > 

METER.* 

The  electrometer  of  Mr.  De  Saussure  is  nearly 
the  same  as  that  of  Mr.  Cavallo's.  The  following 
are  the  most  material  circumstances  in  whieb  tbejr 
difier;  first,  the  fine  wires  by  which  the  balls  are 
sa^nded  should  not  be  long  enough  to  reach 
the  tin-foil  which  is  pasted  on  the  inside  of  the 
glass,  because  the  electricity,  when  strong,  will 
eause  them  to  touch  this  tin-^foil  twice  consecu* 
tivcly,  and  thus  deprive  them  in  a  moment  of 
their  electricity.  To  prevent  this  defect,  and  yet 
give  tlj^m  a  sufficient  degree  of  motion,  it  is 
necessary  to  use  larger  glasses  than.  tho3e  that  ore 

*  This  electrometer  may  be  used  instead  of  the  condenser  of 
M.  folia,  by  only  placing  it  on  a  piece  of  oiled  silk,  somewhat 
larger  than  the  base  of  the  instmment;  but,  in  this  case,  it  it 
the  base^  and  not  the  top  of  the  instrument^  which  must  be 
brought  into  contact  with  the  sul?stance  whocte  electricity  is  to 
be  explorod, 

By  this  instrument,  it  is  pasy  to  ascertain  the  degree  of  con- 
ductilig  power  in  any  substance.  For  cianiple.  If  it  is  placed 
on  an  iijipcrfect  conductor,  as  dry  wood  or  marble,  and  if  the 
instrument  is  electrified  strongly,  and  afterwards  the  top  b 
touched^  the  electricity  will  appear  to  be  destroyed)  but,  on 
lifting  up  the  instrument  by  the  top,  the  ball^will  again  open, 
because  the  imperfiBCt  conductor  formed  with  th^  base  a  kil^d  oT 
dectrophoruB^  by  whicfa  the  electric  ddid  was  condensed  and 
}ost  its  tension^  tiU  the  perfect  conductor  was  separated  from 
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generally  applied  to  Mr.  CavaUo^s  dectrcMneter; 
two  or  three  inches  diameter  will  be  found  to 
answer  the  purpose  very  well.  But^  as  it  is  ne- 
cessary to  cicrry  off  the  electricity  which  may  be 
communicated  to  the  in^de  of  the  glass^  and  thus 
be  confounded  with  that  which  belongs  to  those 
aubstances  that  are  under  examination;  foar 
pieces  of  tin-foil  should  be  pasted  on  the  inside  of 
the  glass:  the  balls  should  not  be  more  than  one- 
twentieth  of  an  inch  diameter^  suspended  by  ailVer  | 
wire^  moving  freely  in  holes  nicely  rounded* 
The  bottom  of  the  electrometer  should  be  of 
metal;  for  this  renders  it  more  easy  to  deprive 
tbem  of  apy  acquired  electricity^  by  touching  the 
bottom  and  top  at  the  same  time.*  See  flau  ij 
fig.  n,  12,  13.  j 

I 

I 

the  imperfect  one;  whereas*  if.  the  conductor  had  been  more 
perfect^  it  would  have  been  deprived  of  its  electricity  immcdi- 
ately  on  the  application  of  the  hand. 

It  ifl  easy  to  discover  also  by  this  instrument  the  dect^ty 
of  any  substance^  as  of  doaths,  hair  of  different  animals.  Sec. 
For  thu  purpose,  it  must  be  held  by  the  base,  and  the  sub* 
stance  rubbed  briskly^  only  once,  by  the  ball  of  the  eleotr^- 
meterj  the  kind  of  electricity  may  be  ascertained  in  the  naaal 
manner.  It  is  proper,  however,  to  observe  here,  that  ais  the 
top  of  the  electrometer  acts  in  this  case  as  an  inanlatod  rubber, 
the  electricity  it  acquires  is  ahrsqrs  contrary  to  that  of  the  rnbtxil 
<K)dy. 

*  Voyage  du»  fcs  A^  par  H.  B.  Ik  Smstufi,  Tom.  ae* 
aood* 
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In  fkrder  to  collect  A  great  quantity  of  electric 
ci^  from  the  air,  the  electromiitelr  is  fhimished 
"With  a  pointed  wire  fifteen  inches  or  two  feet 
long;  which  unscrews  in  three  or  four  pieces^  to 
reader  the  insthunent  more  portable  i  wt  plate  i^ 
fig.  1 1  *  When  it  rains  or  snows,  the  small  para- 
pluie,  plate  1 ,  fig.  1 3^  is  to  be  screwed  on  the 
((^  of  the  instrument,  as  by  this  its  insulation  is 
preserved,  notwithstanding  the  rain. 

This  instrument  indicates  not  only  the  electri*" 
city  of  fogs,  but  that  ialso  of  serene  weather,  and 
enables  us  to  discorer  the  kind  of  electricity  which 
reigns  in  the  atmosphere;  and  to  a  certain  degree 
to  form  an  estimate  of  its  quantity;  and  that  under 
two  different  points  of  view,  the  degree  of  in  ten* 
sity,  and  the  distance  from  the  earth  at  which  it 
first  begins  to  be  sensible^ 

A  conductor  *  exhibits  signs  of  electricity,  onlj 
when  the  electric  fluid  is  more  or  less  condensed 
in  the  air  than  in  the  earth.  Though  the  air  re^ 
^sls  the  passage  of  the  electric  fluid,  it  is  not 
absolotdy  impermeable  to  it;  it  suffers  it  to  pass 
gradiiaHy^  atid  generally  with  nlore  ease  in  pro- 
portkm  aa  its  mass  or  thicktiess  is  less.  It  is, 
therdore^  interesting  to  discover  at  what  height 


*  A  conductor  raised  for  the  purpose  of  making  atmosphe- 
rical  evperimctits^  ii  meant  here. 
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U 18  necessary  to  be  elevated^  in  order  to  find  a 
'  sensible  difference  between  the  electricity  of  the 

earthy  and  that  of  the  air:    A  very  sensible  diffe- 
rence may  be  generally  discovered  by  this  instni- 
r  ment,  at  the  distance  of  four  or  five  feet  from  the 

ground ;  sometimes  it  may  be  seen  if  the  instru* 
ment  is  placed  even  pn  .the  j^round,  while  at 
others^  it  must  be  raised  seven  or  mc^re  feet,  be* 
fore  the  balls  will  open ;  sometimes^  though  sel- 
dom^  this  height  is  not  sufiicient.  This  distance 
is  generally  greatest  when  the  electricity  is  the* 
strongest,  though  necessarily  modified  by  a  va* 
riety  of  circumstances;  some  of  which  are  known, 
as  the  degree  of  dryness  or  humidity  of  the  air; 
and  others  are  unknown. 

The  degree  of  intensity  at  a  given  height  may 
be  discovered  thus;  raise  the  elebtrometer,  and 
judge  by  the  divisions  which  are  placed  on  the 
edge  thereof  the  degree  of  their  divergence.  To 
find  the  relation  between  this  degree,  of  diver^ 
gence  and  the  force  of  the  electricity,  M.  Ds 
Saussure  took  the  following  method :  as  he  cpuld 
not  with  certainty  double  or  triple  a  given  qoan* 
tity  of  electricity;  yet,  as  a  given  force  may  be 
reduced  one-half,  a  fourth,  or  eighth,  &c.  by  di- 
viding between  two  .equal  and  similar  bodies  the 
electricity  contained  in  one,  he  took  two  of  bis 
unarmed  electrometers,  which  were  as  similar  as 
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possible^  and  electrified  one  of  them,  so  that  the 
balls  separated  precisely  six  lines ;  he  then  touched 
the  top  thereof  by  the  top  of  that  which  was  not 
electrified ;  in  an  instant  the  electricity  was  equally 
divided  tjetween  them,  as  was  evident  by  the  di- 
vergence  .of  the  balls,  which  was  four  lines  in 
each ;  consequently,  a  diminution  of  half  the  den- 

'  sity  had  only  lessened  the  divergence  one-third. 
One  of  these  electrometers '  war  then -deprived  of 

'  its  electricity,  and  was*  afterwards  brooght  in  con- 
tact with  the  other,  as  before;  the  remaining 
electricity  divided  itsdf  again  betwee»  them,  and 
the  balls  fell  fronr-^ur  to  twenty-eight  lines, 
nearly  in  tbe  same  proportion 'as  before;  in  the 
third  operation,  they  fell  to  nineteen;  in  the 
fourth,  to  one;  where  he  was  obliged  to  stop,  as 
there  was  not  now  sirfficicnrforce  in^the  fluid  to 
pass  from  oAe  electrometer-  to  the  otbor,  and  dis- 
tribute itself  uniformly  between  them.  '  The  same 
experiment  repeated  several  times  gave  Very  nearly  . 
the  same  results.  Negative  electricity  decreased 
also  in  the  :same  proportion  as  the  positive.  The 
following  t^ble  may,  therefore;  be  considered  as 
giving  a  general,  though*  not  exact  idea  (un 
a^ercu)  of  the  increase  in  force  which  corresponds 
to  difierent  degrees. of  divergeDpein.theiballs;  it 
is  only  calculated  to  every  fourth  of  li  line.  The 
force,  of  electricity  is  always  expressed,  by  whole 
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oombeis^  as  it  would  be  ridiculoas  to  put  a  gttuet 
degree  of  eiactiieai  ip  the  munben  than  Is  to  be 
fouod  in  the  experimcota  which  fbrai  the  basis  of 
the  caI(^alatioa»^ 

IXstanoe  of  the  baits  ConespomAng  forccj 

in  fourths  of  a  line.  of  ckctricitj. 

1     ^      1 

3    _    !     3 

5    5 

6   6 

7    8 

8    •— -    10 

0    •« 12 

10  —    —    14 

11    r-   17 

12    —    20 

13  23 

14  26 

15  29 

16  32 

17    '    36 

*  M.  De  SoMssure,  in  a  long  note,  antkipatea  the  oljectkas 
diat  may  be  made  to  the  ibregMng  metkod  of  csdmatinf  tte 
ficoe  of  electricity)  but,  aa  at  the  moct  they  tmlyaliev  that  tlua 
fcieaoe  ia  a<i  pieacot  in  a  atate  of  considenble  impei&ction,  it 
will  be  unneoessaiy  to  take  notice  of  them  here. 
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Distance  of  the  balls  Correflpondtng  forces 

to  fimrths  of  a  line.  *   of  dectridtx*         ' 

18    40 

\g         44 

ao    ^  48 

21    52 

22    '  56 

23    60 

24    64 

Those  who  are  desirous  to  carry  this  measure 
of  the  electrip  force  furth^^  may  do  it  by  having, 
similar  electrometers  constructed^  but  made  upon 
a  larger  scale^  and  with  heavier  balls^  which  would 
only  separate  one  line^  with  the  degree  of  electri* 
city  that  makes  the  smaller  opes  4iverge  six  lines; 
these  would  consequently  measure  a  force  1024 
times  greater  than  that  which  forms  the  unity  of 
the  preceding  table;  and  thus,  by  degrees  we  may 
be  enabled  to  discover  the  ratio  of  the  strongest 
discharge  of  a  great  battery,  or  perhaps  eveq  of 
thunder  itself,  to  that  of  a  piece  of  amber,  which 
only  attracts  a  bit  of  straw.* 

*  Hit  eonsiikratioii  of  the  repnkire  force  is  not  snffidcnt  to 
discover  the  absolute  fi)Tce  of  an  explosioD  or  electrical  dis- 
chaige.  Foe  Mc  Voha  has  shewn,  that  the  lone  of  a  dischai^ 
iepeodi  pnneipally  oa  the  quantity  of  the  ekctric  itui4  which 
passes  firom  one  body  to  another.  Now,  the  repuliivc  force  of 
the  electrometer  only  indicates  the  ratio  of  this  quantity  in 
«qual  and  similar  bodies^  and  which  are  also  similariy  situated* 
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Another  alteration  of  the  bottle  elcctrometcf 
has  been  lately  invented  by  the  Rev,  Mr.  Bennely 
which  in  point  of  sensibility  is  far  superior  to  any 
hitherto  contrived. 

\i  equal  quantities  of  the  electric  fluid  were  imparted  to  two^ 
mioqual  and  separate  conductors,  the  electric  fluid,  being  less 
condensed  on  the  largest,  would  act  with  the  least  force  on  the 
electrometer;  though  it  is  probable^  the  force  of  the  dischaige  in 
the  two  conductors  would  be  equal.  The  repulsive  force  senres, 
however,  to  shew  what  Mr.  Volta  calls  the  eUctncal  capacity  of  a 
body,  the  quantity  of  the  electric  fluid  it  actually  contains,  or 
is  capable  of  containirtg.  To  effect  this,  and  have  points  of 
comparison,  \Tt  should  use  light  metallic  balls  of  diflerent  size?, 
auspended  t»y  silk  threads.  One  of  these  balls,  imelectrified, 
being,  brought  into  contact  with  the  substance  whose  ^kctridty 
Is  to  be  explored,  will  diminish  the  tension  or  repulsive  force 
of  this  substance;  and  the  quantity  diminished  by  the  contact 
of  the  ball  will  give 'the  ratio  of  the  capacity  of  this  substance 
With  that  of  the  baQ.  '  Let  us  suppose  a  Leyden  jar  uninsulated, 
Imt  so  concealed  that  only  the  knob  is  visible,  and  we  are  there* 
fore  ignorant  of  its  size,  and  the  strength  of  the  shock  it  will 
give.  Let  the  top  of  M.  De  SaussurSs  electrometer  be  in  con* 
tact  with  the  knob  of  the  jar,  and  the  balls  of  the  electrometer 
separate  six  lines:  from  this  ^itary  fact,  we  shall  gain  no  infor« 
mation  relative  to  the  force  of  the  shock;  because,  if  the  jar  is 
veiy  large,  this  degree  of  tension  will  give  a  very  paitiful  sensa* 
tlon;  when,  if  it  b  very  small,  with  the  same  indicated  tension, 
the  sensation  may  be  almiMt  imperceptible.  But,  if  I  bring  a 
ball  of  a  foot  diameter  in  contact  with  the  knob  of  the  jar,  and 
after  hating,  thus  taken  a  part  of  the  fluid  therefirom,  the  eiec* 
trometer  la  again  put  in  contact  with  the  knob  thereof,  tho 
Ttmalnijig  quantity  of  repulsive  force  will  shew  the  relation 
between  its  contents  and  that  of  the  globe  ^f  metal>  and  by  thia 
ia«ans  the  intensity  of  its  charge. 
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i)fiSCRtFTlON  OP  tnt  JftEV,  MR.  BENNEt's  GOttt 
'    LEAP  BLBCTKOMBTBR.*   Plate  i>  fg.  10. 

The  foot,  A>  may  be  made  of  metal  or  wood^ 
bnd  about  three  inches  bigh^  that  there  may  be 
tcoDvenient  room  to  move  the  instirument>  without 
the  hands  touching  the  glass  part,  B^ 

The  cylindrical  glass,  B3  in  which  the  gold  leaf 
is  suspended,  may  be  about  five  inches  higb>  and 
two  inches  diameten 

The  cap,  C,  i«  made  of  metal,  and  flat  on  the 
tdp,  that  the  various  substances  whose  electricities 
&re  to  be  examined  may  be  conveniently  placed 
upon  iti 

The  diameter  of  the  cap  is  about  an  inch  mor# 
tbim  that  of  the  glass>  and  its  rim  i^  about  an  inch 
deep,  hanging  parallel  to  the  ^ass,  to  keep  it 
clean  and  dtyt  within  tbis^  is  another  circular 
rim,  about  half  as  broad  as  the  other,  made  to  ga 
over  or  within  the  gla88>  and  is  therefore  lined  or 
covered  with  Ieathef>  or  other  soft  substance^  to 
make  it  fit  close ;  and  thus  the  cap  mfty  be  easily 
taken  off  to  repair  any  accident  happening  to  the 
gold  leaf*  Within  thi$  rim^  and  in  the  center  of 
the  cap,  a  tube  i$  fiy^ed  wherein  a  peg  is  placed. 
To  this  .peg,  which  is  made  round  at  one  end  and 

*  See  hift  very  ytlaable  work,  entitled  "  New  Fxpefimcnlfl 
ta  Sfectrictty;* 

c  c 
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flat  at  the  other,  two  slips  of  gold  leaf  art  fastened 
with  paste,  gum-water,  or  varnish. 

If  gold  leaf  be  used,  it  may  be  shorter  than  silver 
leaf.  The  gold  is  the  most  sensible,  but  the  silver 
is  easier  to  cut,  and  less  liable  to  be  torn  by  any 
accident. 

Two  pieces  of  polished  tin-foil  are  fastened  with 
varnish  on  opposite  sides  of  the  internal  surface  of 
the  glass,  where  the  gold  leaf  may  be  expected  to 
strike,  and  are  connected  with  the  foot  of  the 
electrometer.  These  slips  not  only  carry  oflf  the 
superfluous  electricity,  but  serve  other  important 
purposes.* 

The  upper  end  of  the  glass  is  covered  and  lined 
with  sealing-wax  as  low  at  least  as  the  outer  rim, 
to  render  its  insulation  more  perfect. 

The  following,  experiments  shew  the  great  sen- 
sibility of  this  little  instrument.  . 

1 .  Powdered  chalk  was  put  into  a  bellows,  and 
blown  upon  the  cap;  it  was  electrified  positively 
by  the  stream  of  chalk,  when  the  nozzle  of  the 
bellows  was  only  six  inches  distant  from  the  cap; 
but  the  same  stream  electrified  it  negatively  at  the 
distance  of  three  feet.  In  this  experiment,  the 
quality  of  the  electricity  is  changed. from  positive 
to  negative^  by  dispersing  or  widening  the  stream, 

• 

*  Some  gold  or  silver  leafj  a  cushion^  a  cutting  knife,  and 
woodi-n  forceps,  such  as  are  used  by  the  gDld-beaterSj  aie  very 
u^ieful  articles  for  replacing  the  slips^  when  necessary.    Epit. 


:  ^   GOLD  LEAP  BLECTROMSXER*  403 

>  tlnd  making  it  pass  through,  a  longer  track  of  air; 
it  is  also,  changed^  by  passing  the  stream >through 
a  buricfa  of  iine  wires,  silks,  or  feathers  placed 
upon  the  nozzle  of  the  bellows;  it  is  liegative, 
when  blown  from  a  pair  of  bellows^  the  iron  pipe 
being  taken  off  to  enlarge  the  stream.  This  last 
experiment  seems  to  answer  best  in  damp  weather. 
The  positive  electricity  generally  remains;  but  in 
the  negative,  the  leaf  gold  collapses  as  soon  as  the 
.  cloud  of  chalk  is  patoed; 

2.  A  piece  of  chalk  drawti  over  a  brush,  or 
powdered  chalk  put  into  a  brush  and  projected  on 
the  cover,  electrified  it  negatively.  The  electri- 
city was  not  permanent. 

3.  Powdered  chalk  blown  with  the  niouth  or  a 
pair  of  bellows^  plate  l^.jfig.  19,  from  a  plate 
placed  upon  tbe.Cover>  gave  ^  permanent  positive 
electricity.  If  a  brush  is  placed  upon  the  cdver^ 
and  a  piece  of  chalk  is  drawn  over  it,  Wh^n  the 
band  is  withdrawn^  the  leaf  gold  gradually  ex- 
pands with  positive  electricity,  as  the  elpud  of 
ebalk  disperses; 

4.  Powdered  chalk  falling  from  one  plate  to 
another^  placed  on  the  instrument,  electrified  it 
negatively.  Many  other  experiments  h&vt  been 
tried^  as  prc^ec^ing  it  from  a  goose  iiiriiig,  chalking 
the  edges  of  a  book,  &c.  '  The.  iristrumfcnt  being 
placed  in  a  du^ty  road,  the  dust  Struck  up  with  a 
stick  near  it,  electrified  it  positively;  wheat  fk>ur 

c  c  !> 
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and  red  lead  gave  a  strong  negative  dectricttjr^  m 
all  cases  where  the  chalk  gave  a  positire. 

5.  Place  a  metal  cup  upon  the  cap  with  a  red 
hot  coal  in  it^  flaie  1,  //« 20,  a  spoonful  of  water 
thrown  upon  the  coal  electrifies  the  cup  negatifely. 
If  a  bent  wire  be  placed  upon  the  cover^  with  a 
piece  of  paper  fastened  to  it^  to  increase  its  sur- 
face, it  will  exhibit  the  positive  electricity  of  the 
ascending  vapour,  when  introduced  into  it.  The 
electricity  of  rain  may  probably  be  illustrated  by 
pouring  water  on  hot  coals  placed  iti  an  insulated 
cullender;  the  ascending  vapour  is  po^tive,  the 
descending  drops  are  negative. 

6.  The  sensibility  of  this  instrument  may  be 
increased,  by  placing  a  Candle  Upon  the  cap;  by 
this  means  a  cloud  of  chalky  which  would  but  just 
open  the  leaf  gold  before,  will  cause  them  to 
iitrike  the  sides  for  a  long  time  together,  and  the 
electricity  is  now  communicated  so  Strongs  that 
the  leaves  will  be  repelled  by  a  stick  of  excited 
Wax  at  ten  or  twelve  inches  distance*  A  tloud  of 
chalk  made  in  one  room  will  electrify  thid  instru^ 
ment  brought  fifoili  another  room>  and  at  a  con- 
siderable distance. 

A  thunder-cloud  passing  over  the  indtrument, 
caused  the  leaf  gold  to  strike  the  sid^  at  e^def 
ilash  of  lightning.  No  sensible  deotridty  hai 
been  discovered  by  it  on  the  Otplosidn  ot  gon^ 
powder,  or  the  projection  of  smoke>  or  flame 
over  it« 


GOLD  hl^An  ^;.SCTBOM$T£B.  405. 

Excitpd  seftling-wox  will  often  make  the  leaf 
gold  strike  the  side^  o/the  glgss  more  than  twi^lve 
times;  wben  the  seaUii|^r.wd^  repedes^  it  will  strike 
it  agato,  oearlytb^  same  Ti^mber  of  times;  but^^  if 
the  approach  13  quicker  than  the  recession^  the 
number  of  times  will  ,sometime9  be  greater. 

If  a  small  lantern^  with  a  candle  in  it^  be  placed 
upon  the  cap  of  the  ^lec^trometer,  ^pd  exposed  to 
the  air  in  an  open  placp,  or  not  too  near  high 
buildings  or  trees/  it  ^Idom  fails  to  render  the 
atmo^heric  electricity  very  sensible. 

If  the  electrometer  be  charged  with  a  amall 
quantity  of  electricity,  and  the  sharpest  pointed 
needle,  or  edge  of  a  razor,  be  brought  within  the 
least  visible  distance  towards  the  cap,  it  will  not 
draw  off  the  electricity;  but  flame  draws  it  off 
at  a  cjonsiderable  distance. 

The  last  experiment  shews  that  sharp  points,  or 
edgQ$,  need  not  be  avoided  in  the  construction  of 
this  instrument,  or  of  the  doubler  to  be  spoken 
of  hereafter,  or  atmospheric  apparatus;  and  that 
flame  is  better  th^n  a  pointed  wire  for  the  purpose 
of  collecting  atmospheric  electricity. 

A  small  pin  was  fastened  upon  the  end  of  a 
stiick  of  sealing-wax,  and  charged  with  electricity, 
which  was  Gommunioat^  from  the  pin  to  a  me- 
taUjc  insulated  qo^notor^  fifteen  inches  in  dia«* 
meter  a^d  sev^  fei^t  lopgv  whose  surface  was 
thcr^of^  prod%iou3ly  larg^.than  that  of  the  pin^ 
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yet  its  electricity  caused  a  very  sensible  divergency 
of  the  gold  leaf:  thus,  not  only  shewing  the  sen- 
sibility of  the  electrometer,  but  the  amazing  divi-= 
sibility  and  expansibility  of  this  wonderful  fluid. 

Besides  the  method  of  discovering  ^mall  quan-r 
titles  of  electricity  by  means  of  very  delicate  elec- 
trometers, two  methods  have  been  communicated 
to  the  philosophical  world,  by  which  such  quan- 
tities of  electricity  may  be  rendered  manifest,  as 
could  not  be  perceived  by  other  means.  The 
first  of  these  methods  is  an  invention  of  Mr.  Foha^ 
called  the  condenser  of  eleciricity\  the  second  is  an 
invention  of  the  Rev.  Mr.  Bennet.  called  the 
doubter  of  electricity. 

Mr.  Fblfa*s  condenser,  which  has  been  already 
described  in  his  own  words,  consists  of  a  large 
smooth  metal  plate,  furnished  with  an  insulating 
handle,  and  a  semi-conducting  or  imperfect  insu- 
lating plane.    Sec  D  and  E,  plate  1 1,  ^g.  10. 

To  examine  a  weak  electricity  with  this  appa- 
ratus, a^  that  of  the  air  in  calm  and  hot  weather, 
^hich  is  generally  too  weak  to  be  rendered  sensi- 
ble by  an  electrometer,  place  the  metal  plate  upon 
the  semi-conducting  plaqe,  letting  a  wire,  or  some 
other  conducting  substance,  be  connected  with 
the  metal  plate,  and  extended  in  the  oped  air,  to 
absorb  its  electricity;  then,  after  a  pertain  time^ 
the  metal  plate  musti  ^ht  separated  from  the  same 
coilducting  plane,    and"  being  presented  to  an 
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electrometer,  will  electrify  it  mor^  than  if  it  had 
not  been  placed  on  such  a  plane;  and  this,  be- 
cause the  metal  plate^  y^bile  standing  contiguous 
to  the  semi-conducting  plane,  will  absorb  and 
retain  a  much  greater  quantity  of  electricity  than 
it  eould  ^ther  absorb  or  retain  when  separate. 

The  office  of  this  apparatus  is  not  to  manifest 
a  small  quantity  of  electricity,  but  to. condense 
an  expanded  quantity  into  a  small  space.  But 
Mr.  Bermefs  doubler  is  designed  to  multiply,  ^by 
reputedly  doubling  a  small,  and  otherwise  unper- 
eeiyable  quantity  of  electricity,  till  it  becomes 
sufficient  to  a^bct  m  d^trom$ter  and  giye  small 
sparks. 


BBNNEX'S  OB  NICHOJCSON^S  DOUBLBR. 


Plate  1 ,  Jig.  9,  irdpresents  the  apparatus,  sup^ 
ported  on  a  glass  pillar  sin  inchlss  and  an  half  long. 

It  oopsista  of  .the  following  parts:  two  fixed 
plates  of  brass,  A  and  .Q.  are  separately  insulated, 
and  disposisd'iia  -the  same  plane,  so  that  a  revolv- 
ing plate,, B,  may  pass  very  near  them,  without 
touching.  Each  of  these  plates  is  twa  inches  in 
diameter;  and  they  have  adjusting  pieces  behind, 
which  serve  >  to  place  th^m  accurately  in  the  re- 
quired position.  '  p  is  a  brass  ball,  likewise  of  two 
inches  di^eksr,  fixed  on  the  extremity  of  an  axis 
that  cairids^  the  p^te,  B.    Besides  thp  more  essen*^ 
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tial  parpose  this  ball  is  intended  to  answer^  it  is 
loaded  withki^  on  one  side^  that  it  senres  as  a 
counterpoise  to  th6  revolving  plate,  and  enablca 
the  axis  to  remain  at  nest  in  any  position.  The 
other  parts  may  be  distinctly  seen  in  ^.  ^  Ho.  2, 
The  shaded  parts  represent  metal,  and  the  white 
represent  varnished  ^ass.  ON  is  a  In^ass  asis^ 
passing  through  the  jnece,  M,  which  last  sustaina 
the  plates  A  and  C.  At  one  extremity  is  tbc 
hall,  D,  already  mentioned ;  and  the  other  is  pro^ 
longed  by  the  addition  of  a  glass  atick,  whici) 
sustains  the  handle,  L,  and  the  piece,  G  H,  sepa- 
rately insulated.  £,  P,  are  {nns  rising  out  of  die 
fixed  plates,  A  and  C,  at  unequal  distances  fiom 
the  axis.  The  cross  piece,  G  H,  and  the  piece,  K, 
lie  in  one  {rfane,  and  have  their  ends  armed  with 
small  pieces  of  harpsichord  wire,  that  they  may 
perfectly  toaoh  the  pins,  £,  F,  in  certain  points  of 
the  revolution.  There  is  likewise  a  pin,  I,  in  tbo 
piece,  M,  which  intercepts  a  small  wire  proceed- 
ing from  the  revolving  plate,  3, 

The  touching  inures  are  so  adjuated,  by  bend- 
ing, that  when  the  revolving  plate,  B,  is  imme^ 
diately  opposite  the  fixed  plate,  A,'  the  cmas  piece, 
G  H,  connects  the  two  fiiLcd  plates,  at  the  saii^o 
time  that  the  wire  and  pin  at  i  ixm  a  communis 
cation  between  the  revolving  plate  and  the  ball. 
On  tbe  other  hand,  when  the  revolving: plate  is 
Immediately  opppsite  ti)e  fix^  pbte,  C,  tiie  balls 


Jpecome  cooaected  with  ii^  last  platej  by  tbi^ 
l^QUchiag  i>f  the  piece  K  againit  F;  the  two  plafci^ 
A  and  B>  having  then  up  connexioo  with  any  part 
of  the  apparatus*  Ih  evi^  other  pofiidon^  tb^ 
three  plates  and  the  ball  will  be  perfectly  uncoa*' 
mected  with  each  other. 

When  the  plates^  A  and  B,  are  opposite  to  eacii 
other,  the  two  fixed  plates,  A  and  C,  may  be  eon* 
aideied  0s  one  mass;  and  the  revolving  plate,  B^ 
tagetJiar  with  the  bsjl,  D,  will  constitute  another 
mass.  Ail  the  experiments  yet  made  coocur  to 
prove,  that  these  two  masses  will  oot  possess  Qm 
same  electric  state;  but  that,  with  respect  to  each 
other,  their  electricities  will  be  plus  and  $ni/ais* 
These  states  ivould  be  simple,  and  without  any 
communication,  if  the  masses  were  remote  from 
each  other;  but  as  that  is  not  die  case,  a  part  ci 
the  redundant  electricity  will  take  the  £:irm  of  ai 
charge  in  the  opposed  plates,  A  and  B.  From 
other  experiments,  I  find  that  the  efFect  of  the 
compensation  on  plates  opposed  to  each  other,  kt 
the  distabce  of  oqc-fortieth  part  of  an  inch,  ia 
such  that  they  require,  to  produce  a  given  inten^ 
sity,  at  least  one  hundred  times  the  quantity  of 
dectricity  that  would  have  produced  it  10  either, 
singly  and  apart.  The  redundant  electricities  ia 
the  masses  under  consideration  will  therefore  be 
Ufi^qually  distributed:  the  plate.  A,  will  ;hpve 
about  niiiety-nine  parts,  and  tbe  plate,  C,  ont; 
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and,  for  the  same  reason^  the  revoking  plate^  B^ 
will  have  99  parts  of  the  opposite  electricity^  and 
the  ball^  D,  one.  The  rotation^  by  destroying  the 
contacts^  preserves  this  unequal  distribution,  and 
carries  B  from  A  to  C,  at  the  same  time  that  the 
tail^  K,  connects  the  ball  with  the  plate,  C,  lit 
this  situation,  the  electricity  in  B  acts  upon  that 
in  C,  and  produces  the  contrary  state  by  virtue  of 
the  communication  between  C  and  the  ball; 
which  last  must  therefore  acquire  an  electricity  of 
the  same  kin4  with  that  of  the  revolving  plate. 
But  the;  rotation  again  destroys  the  contact^  and 
restores  B  to  its  first  situation  opposite  A.  Here, 
if  we  attend  to  the  effect  of  the  whole  revolution, 
we  shall  find  that  the  electric  states  of  the  respec- 
tive masses  have  been  greatly  increased;  for  the 
ninety-nine  parts  in  B  remain,  and  the  one  part 
pf  electricity  in  C  has  been  increased  so  as  nearly 
to  compensate  ninety-nine  parts  of  the  opposite 
electricity  in  the  revolving  plate  B,  while  the 
communication  produced  an  equal  mutaticm  in 
the  electricity  of  the  ball.  A  second  rotation 
will,  of  course,  produce  a  proportionable  augmen- 
tation of  these  increased  quantities;  and  a  conti- 
nuance of  turning  will  soon  bring  the  intensities 
to  their  maximum,  which  is  limited  by  an  explo- 
sion  between  the  plates. 

If  one  of  the  parts  be  connected  with  an  electror 
meter,  more  especially  that  ofBermet^  these  effects 
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will  be  very  clearly  seen.  The  spark  is  usually 
jM-oduced  by  a  number  of  turns, '  between  .elevien 
and  twenty;  and  the  eleatrometer  is  sensibly 
acted  upon  by  still  fewer.  When  one  of  the  parts 
is  occasionally  connected  with  the  earth,  or  when  . 
the  adjustment  of  the  plates  is  altered,  there  aiAt 
some  variations  in  the  effects,  not  difficult  to  be 
reduced  to  the  general  principles,  but  sufficiently 
curious  to  excite  the  meditations  of  persons  the 
most  experienced  in  this  branch  of  natural  philo-* 
sophy;  an  attention  to  brevity,  however,  renders 
it  necessary  to  forbear  enlarging  upon  them.  If 
the  ball  be  (connected  with  the  lower  part  pf  Ben-t 
nef^  electrometer,  and  the  plate,  A,  with  the  up- 
per part,  and  any  weak  electricity  be  communi- 
cated to  the  electrometer,  while  the  position  of 
the  apparatus  is  such  that  the  cross  piece,  6  H, 
touches  the  two  pins;  a  very  few  turns  will  ren- 
der  it  perceptible,  ^ut  here,  as  well  as  in  the 
common  doubler,  the  effect  is  rendered  uneertun 
by  the  condition,  that  the  communicated  ekotii- 
city  must  be  strong  enpugh  to  destroy  and  predo- 
minate over  any  other  electricity  the  plates  m^ 
possess.  I  scarcely  need  observe,  that  if  this 
difficulty  should  hereafter  be  removed,  the  instru- 
pient  will  have  great  advantages  as  a  multiplier  of 
electricity  in  the  facility  of  its  use,  the  very  speedy 
manner  of  its  operation,  and  the  unequivocal  na- 
ture of  its  results. 
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This  article  might  have  been  iotroduced  with 
greater  propriety  in  the  beginning  of  this  work; 
|>at,  as  the  plate  was  then  altering,  to  render  the 
drawing  conformable  to.that  given  by  Mr.  Brookt 
himself^  I  chqse  rather  to  postpone  it  till  the  {date 
waa  finished. 

An  ficcarate  admeasurement  of  the  quantitiea 
of  electricity  is  among  the  desidersia  in  thia 
branch  c^  philosophy  %  and,*  as  the  electrometera 
which  have  heretofore  been  invented  have,  in  thai 
reapect  been  found  deficient^  Mr.  Brooke  has  en-r 
deavoured  to  supply  this  deficiency  by  a  new 
Instrument, 

Plate  S,  fig.  95>  exhibits  the  electrometer  in  mu 
oiftture,  as  it  appears  when  it  is  ready  to  be  used. 

F$g^  Q69  B9  is  an  arm*  the  ball  of  which  is  to  bo 
laid  to  make  a  copununication  with  a  battery, 

figp  07 J  is  the  lower  part  of  the  electrometer^ 
•epamte  from  the  upper  part. 

The  arms,  F  H#  f  k,  fig.  97>  arc^  when  in  uac, 
lo  be  placed  as  much  as  possible  out  of  the  atmos- 
phere of  a  jar,  battery,  ice,  .  > . 

a  BrwMt  tfiBodlaneous  Experiments  |U)4  Obeervaiions  on 

i^ectricity.  '  , 


The  dial  plate^  jig.  96^  is  divided  into  00  equal 
parts;  the  index  of  this  plate  is  carried  once  round 
when  the  arm^  B  C>  ha^  mored  tbroug^h  9O  dqgree^ 
or  a  quarter  of  a  circle.  That  motion  lA  given  to 
the  index  by  the  repulatve  power  of  the  charge 
acting  between  the  ball  D  and  the  ball  B.*" 

The  arm»  B  C,  being  ri^elled,  shews  when  the 
charge  is  increasing^  aAd  the  artn^  FH>  shews, 
what  this  repulsive  power  is  between  two  balls  of" 
this  si^e  in  grains^  according  to  the  number  the 
weight  rests  at  when  lifted  up  by  the  repulsive 
power  of  the  charge  t  at  the  same  time  the  arm^ 
B  C5  points  out  the  number  of  degrees  to  wfaicli 
the  ball^  B^  is  repelled;  so  that,  by  repeated  trials, 
the  number  of  degrees^  answering  to  a  given 
number  of  grains^  may  be  ascertained^  and  a  table. 
formed  from  these  experimentt,  by  which  means 
the  electrometer)  fig.  pd^  may  be  used  without 
that  oifig.  97. 

Mr.  Brooke  thinks  that  no  glass,  charged,  as 
we  call  it,  with  electricity,  will  bear  a  greater 
force  than  that  whose  repulsive  power,  between 
two  balls  of  the  size  he  used,  is  equal  to  sixty 
grains;  that  in  very  few  instances  it  will  stand 
sixty  grains  weight ;  and  he  thinks  it  hazardous  to 
go  more  than  forty-five  grains. 

Hence,  by  knowing  the  quantity  of  coated  sur- 
face, and  the  diameter  of  the  balls,  we  may  be 

*  Phil.  Trans,  vol.  Ixxxii.  p.  3S4. 
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enaUed>  to  say,  so  miicH  coated  surface,  with  a 
repulsion  between  balls  of  to  many  grains,  wU 
Hielt  a  wire  of  such  a  size^  or  kill  such  an  animal. 

Mr.  Brooke  also  thinks,  that  he  is  not  ac- 
quainted with  all'  the"  advantages  of  this  electro- 
meter; but  that  it  is  deaf,  it  Speaks  a  language 
which  may  be  univ^ersally  understood^  which  no 
other  will  do ;  for,  though  other  electrometers  will 
shew,  whether  a  charge  is  greater  or  less,  by  an 
index  being  repelled,  to  greater  or  smaller  dis- 
tances^ or  by  the  charge  exploding  at  different 
distances,  yet  the  power  of  the  charge  is  by  no 
means  ascertained:  but  thia  elect.rometer  sheiks 
the  force  of  the  repulsive  power  in  grains;  and  the 
accuracy  of  the  instrument  is  easily  proved,  by 
placing  the  weights  on  the  internal  ball^  and  see- 
ing that  they  coincide  with  the  divisions  on  the 
ann>  F  H,  when  the  slide  is  removed  to  them. 
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OP  ATMOSPHERICAL  KLBCTRICITY. 

It  is  now  universally  acknowledged  by  every 
philosopher,  that  the  electric  fluid  is  disseminated 
through  the  whole  atmosphere:  it  is  also'known^ 
that  the  motion  of  this  fluid  is  restrained  when*  it 
acts  in  dense  air,  but  it  moves  with  the  greatest 
liberty  in  a  vacuum  or  rarefied  air,  as  in  an  ex- 
liausted  receiver.  Therefore  at  a  great  height, 
where  the  air  is  equally,  if  hot  more  rarefied  than 
in  our  receivers,  its  motion  must  be  exceeding 
free,  and  hence  capable  of  the  greatest  effects; 
because  it  can  be  moved  from  one  place  to  another 
with  extreme  ease  and  rapidity,  and  in  great  quan- 
tities: and  if,  as  many  philosophers  believe,  the 
electric  fluid  is  that  ether  or  subtile  matter  which 
fills  the  intervals  between  the  planets,  how  great 
must  be  the  force  of  an  agent  which  fills  these 
immense  spaces !  Be  this  as  it  will,  we  know  that 
the  upper  strata  of  air  are  filled  with  this  fluid, 
and  that  it  moves  there  freely. 

Again,  we  know  that  water,'  whether  in  sub- 
stance or  in  vapour,  is  a  conductor  of  electricity; 
that  in  proportion  as  air  is  loaded  with  it,  it  resists 
less  the  motion  and  diffusion  of  the  electric  fluid; 
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consequently,  if  vapour  rises  to  a  great  height,  it 
becomes  a  conductoi*  and  canal  of  comthunicatioii 

between  this  imitletlse  reservdr,  this  ocean  of  fred 

• 

electric  fluid,  and  th^  entire  mass  of  biit  globes 
If  then  this  fluid  is  OKire  restrained  at  one  part  of 
our  gidbe,  than  it  is  in  cohtisponding;  parts  of  the 
higher  regtdns,  th^  vafx>urs  will  be  tbe  ttiedium  td 
restore  the  equiKbriuttl*  tint  this  equilibriute  will 
sot  last  long,  for  it  is  natural  to  suppose  this 
immense  fluid  Bul:$ect  to  a  flujt  and  re-flut^  cur- 
rents, &c.  'which  \Vill  alter  its  local  deil^ty.  Thus 
also  this  fluid,  which  is  contained  in  our  gbbe, 
cannot  be  long  uniformly  spread  through  its  tnas% 
as  there  are  ten  thousand  agents^  which  will  either 
lu;oumulate  or  rarefy  it;  consequently^  vapour 
will  scarce  ever  rise>  without  serving  as  a  vehicle 
to  maintain  the  equilibrium  between  our  globe 
and  the  fluid  in  the  higher  regiotis  of  the  atmo»* 
phere. 

This  theory  is  so  natural  a  consequence  of  the 
most  immediate  and  certain  principles  of  electri- 
city, that  it  seems  almost  superfluous  to  confirm 
it  by  the  phenomena  which  it  explains.  It  is  the 
only  one  that  accounts  for  the  following  fact^  that 
vapours  never  rise  to  a  great  height  without  pro^ 
ducing  the  most  terrible  meteors*  All  considera^ 
ble  volcanic  productions  are  accompanied  with 
lightning*  The  fire  which  rises  from  the  earth 
seems  to  light  that  of  heaven^    The  column  isf 
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Vapour  which  proceeds  from  the  bowels  of  a  vol-» 
cano  is  continually  traversed  by  lightning,*  which 
sotnetimes  seems  to  proceed  from  the  higher  re- 
gions^ sometimes  from  the  column  itself^  Hail^ 
which  necessarily  supposes  the  ascension  of  vtipour 
to  a  considerable  height^  is  always  accompanied 
with  electricity.  The  aurora  borealis  is  also  elec-- 
trical;  its  light  seems  to  be  produced  by  the  elec- 
tric fluids  at  the  instant  it  is  condensed  in  passing 
in  the  columns  of  elevated  vapour. 

Waterspouts,  whirlwinds,  and  even  earthquakes^ 
are  in  a  great  measure  the  effects  of  torrents  di 
the  electric  matter,  attracted  from  the  higher  re-^ 
gions  by  torrents  of  vapour.  In  a  word,  can  the 
electricity  of  the  clouds  be  attributed  to  a  more 
natural  or  probable  cause  \\ 

For  the  subject  of  this  chapter  we  are  princi- 
pally indebted  to  P.  BeccarlUy  who  has  for  many 
years  accurately  observed  the  various  changes  in 
the  electricity  of  the  atmosphere,  and  their  rela- 
tion to  the  other  phenomena  of  the  weather. 
His  apparatus  was  admirably  well  adapted  for  this 
purpose,  and  superior  to  any  thing  we  are  at  pre- 
sent  acquainted  with  for  imitating  easily  and  at  all 
times  the  electricity  of  the  air.     It  not  being  at 

*  The  younger  "Plmy  observed  these  lightnings  in  the  erup- 
tion which  killed  his  uncle.     Sir  William  Hamilton  has   al^ 
.  observed  them  several  times. 

f  Saussuf'/s  Hbsais  sur  THygrometrie,  p.  2/5/ 
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first  suspected,  that  electricity  was  so  intimatdy 
blended  with  every  operation  of  nature,  as  it  is 
now  known  to  be,  the  labourers  in  this  part  are  oi 
course  very  few;  the  principal  are  P.  Beccaria^ 
Mr.  Ronayne,  and  Mr.  Cavallo. 

I  have  extracted  and  methodized  the  results  of 
the  observations  made  by  P.  Beccaria,  introducing 
occasionally  those  made  by  others ;  that  the  reader 
might  be  in  possession  of  the  most  material  &cts, 
and  excited  to  investigate  and  pursue  with  atten* 
tion  this  delicate  and  important  subject;  for,  in- 
deed, little  certainty  can  be  expected  from  any 
system  of  meteorology,  where  the  action  of  the 
principal  agent  is  not  particularly  considered  and 
attended  to. 

The  apparatus  used  by  P.  Befcariuy  for  investi- 
gating the  electricity  of  the  atmosphere,  was  an 
iron  wire,  which  he  terms  an  exploring  wire,  132 
feet  long.  It  was  fixed  at  one  end  to  a  pole  raised 
over  the  chimney,  the  other  end  was  fastened  to 
the  top  of  a  cherry-tree.  The  extremities  of  the 
wire  were  insulated,  and  covei^ed  with  a  small 
umbrella  of  tin.  Another  wire  was  iM-ought  from 
this,  through  a  thick  glass  tube  coated  with  seal* 
ing-wax,  into  the  room;  by  which  means,  conti- 
nual information  of  the  state  of  the  electricity  in 
the  pxploring  wire  was  obtained.  He  connected 
with  this  wire  a  small  slip  of  metal,  on  each  side  of 
which  was  a  small  pith  ball,' one  line  in  diameter; 
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die  balls  were  suspended  by  silk  thrciads^  sixteen 
lines  long. 

Air-balloons  will  probably  enable  us  to  discover 
with  certainty  the  electricity  6f  the  difFei*ent  sti*ata 
of  the  atmosphere.  M.  De  Saussure  has  already 
made  the  experiment  with  a  balloon  made  of  taf- 
fety,  containing  200  cubic  feet  of  air,  and  which 
was  raised  by  the  heat  from  the  flame  of  spirit  of 
winc;  with  this,  in  cloudy  but  calm  weather,  he 
obtained  a  strong  positive  electricity.* 

The  electricity,  in  serene  weather,  generally 
makes  each  of  the  balls  diverge  about  six  lines; 
when  it  is  very  strong,  they  will  diverge  fifteen  or 
twenty  degrees  from  the  metal  plate;  when  weak, 
the  divergence  is  very  small. 

In  serene  wxather,  the  wire,  after  being  touched, 
will  take  a  minute  or  longer  before  it  again  shews 
signs  of  electricity;  though,  at  other  times,  it 
will  become  electrified  in  the  space  of  a  second. 

The  dectricity  during  serene  weather  is  always 
positive!  there  are  few  instances  in  which  it  is 
negative,  and  then  it  is.brought  over  by  the  wind 
from  some  part  of  the  atmosphere,  perhaps  very 
distant  from  the  place  of  observation^  where  there 
is  either- fog,  snow,  rain,  or  clouds-  The  whole 
series  of  observations  which  P,  Beccaria  has  made 


♦  Faujas  de  St,  Fond,  Description  des  Experiences  Aorostar- 
ti^ues,  torn.  ii.  p.  27 1. 

D  d   2. 
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confirm  this  position.     He  seems  to  have  met  witb 
only  three  or  four  instances  to  the  contrary. 

Dr.  Franklin  has  observed,  that  the  clouds  are 
sometimes  negative,  which  is  certainly  true;  be- 
cause they  will  at  times  absorb,  at  and  through 
the  apparatus,  a  large  and  full  bottle  of  positive 
electricity,  of  which  the  apparatus  could  not  have 
received  and  retained  the  hundredth  part.  And 
it  is  easy  to  conceive,  how  a  strongly  charged 
large  positive  cloud  may  reduce  smaller  clouds  to 
a  negative  state. 

The  electricity  of  the  atmosphere  is  very  much 
connected  with  the  state  of  the  air,  as  to  moisture 
and  dryness;  so  that  it  is  necessary  to  attend  to 
the  hygrometer,  in  order  to  form  a  proper  judg- 
ment of  the  different  degrees  of  electricity  at 
different  times.  That  invented  by  Mr,  Coventry^ 
which  is  made  of  hatters  paper,  will  answer 
best;  it  is  very  sensible,  absorbs  moisture  soon, 
and  parts  with  it  easily.*  Comparative  observa- 
tions may  also  be  made  with  it.  It  is  also  neces- 
sary to  place  a  thermometer  near  the  hygrometer, 
to  ascertain  what  quantity  of  moisture  the  air  can 
keep  in  solution  with  a  given  degree  of  heat; 
though  this  object  will  more  probably  be  obtained 
by  observing  accurately  the  quantity  of  moisture 

*  The  whalebone  hygrometer,  as  lately  constructed  by  M.  Df 
Lucy  IS  undoubtedly  the  most  perfect  of  any  hitherto  made. 
See  my  Edition  of  Adams's  Lectures,  vol.  iv.  p.  56Q.     Edit. 


OP  ATMOSPHSRICAL  ELECTRICITY.         421 

evaporated  from  a  given  surface  at  different  times. 
It  is  also  to  be  observed,  that  the  different  degrees 
of  density  in  the  air  will  affect  the  quantity  of 
moisture  which  is  retained  in  the  air. 

The  mqisture  in  the  air  is  the  constant  con- 
ductor of  the  atmospheric  electricity  during  clear 
weather;  and  the  quantity  of  electricity  is  propor- 
tioned to  the  quantity  of  moisture  which  surrounds 
the  exploring  wire;  except  there  is  so  much  as  to 
lessen  the  exactness  of  the  insulation  of  the  wire 
and  of  the  atmosphere.  In  a  dry  state  of  the  air, 
it  will  SQmetimes  be  above  a  minute  before  the 
balls  will  manifest  any  ejectrifcity  after  the  wire 
has  been  touched;  though,  in  a  damper  state, 
a  second  will  scarce  elapse,  before  rapid  oscilla- 
tions of  the  balls  may  be  observed  between  the 
finger  and  the  plate  of  brass  ^  to  which  they  are 
affixed,* 

The  electricity,  when  the  weather  clears  up,  is 
always  positive.  When  the  weather  is  clearing 
up,  and  becomes  dry  quickly,,  the  electricity  rises 
to  a  great  degree  of  intensity,  and  affords  fre- 
quent opportunities  for  repeating  the  observa- 
tions.    It  sometimes  happens,  that  the  electricity 

*  In  making  observations  on  the  electricity  of  the  atmos- 
phere in  clear  weather,  it  is  essential  to  repeat  them  very  fre- 
quently ;  i.  e.  to  observe  the  velocity  with  which  the  electricity 
rises  after  it  has  been  annihilated  j  which  P.  Beccaria  generally 
estimated  by  the  number  of  seconds  elapsed  before  the  balls 
began  to  manifest  their  electricity. 
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caused  by  the  clearing  up  of  the  weather  conti- 
nues in  its  state  of  intensity  for  a  long  while;  and 
also,  after  being  interrupted,  it  begins  afresh. 
These  accidents  seem  to  be  owing  to  the  electri- 
city being  brought  over  by  the  wind  from  great 
distances. 

P.  Beccaria  says,  that  whenever  he  observed 
that  the  thick  low  clouds  which  were  over  his 
head  began  to  break,  and  the  rare  even  clouds, 
which  are  above  the  former,  became  dilated,  that 
the  rain  ceased  and  the  balls  diverged  with  posi* 
tive  electricity,  he  ^ways  wrote  down,  certain 
imdency  ia  clear  weather. 

Prior  Ceca  says,  that  a  strong  positive  electri- 
city after  rain  is  an  indication  that  the  weather 
will  continue  fair  for  several  days.  If  the  electri- 
city is  weak,  it  is  a  sign  that  the  fair  weather  will 
not  last  the  whole  day;  but  that  it  will  soon  bj 
cloudy,  and  even  rain. 

If,  when  the  sky  grows  cloudy  over  the  place  of 
observation,  and  a  high  cloud  is  fwrned,  without 
any  secondary  clouds  under  it,  and  it  is  not  an 
extension  of  a  cloud  which  drops  ram  elsewhere, 
either  no  electricity  takes  place,  or  it  is  positive. 

If  the  clouds  which  are  gathering  are  shaped 
like  locks  of  wool,  and  •^  keep  moving  first  nearer 
to,  and  then  separating  from  each  other;  or,  if 
the  general  cloud  which  is  forming  lies  very  high, 
and  is  stretched  downwards  like  descending  smoke, 
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then  positive  electricity  coniinonly  takes  place^ 
which  is  more  or  less  strong  in  proportion  to  the 
quickness  with  which  this  clood  forms;  and  it 
ibretels  the  greater  or  less  quantity  and  velocity  of 
rain  or  snow  which  is  to  follow. 

When  a  thin,  even,  and  extensive  cloud  is 
forming,  which  darkens  the  sky  and  turns  it  into 
a  grey  colour,  a  strong  and  repeated  positive  elec- 
tricity takes  place;  but,  in  proportion  as  the  ga- 
thering of  the  cloud  slackens,  this  electricity 
lessens,  or  evcfn  fails.  On  the  contrary,  if  the 
rare  extensive  cloud  is  gradually  formed  of  sm;iller 
clouds,  like  locks  of  wool,  which  arc  continually 
joining  to  and  parting  from  tach  other,  the  posi- 
tive electricity  commonly  continues. 

Low  aqd  thick  fogs,  especially  when  as  they 
rise  the  air  above  them  is  free  from  moisture, 
carry  up  to  the  exploring  wire  an  electricity 'which 
will  give  small  sparks  repeatedly,  and  produce  a 
divergence  of  the  balls  from  2(f  to  25°,  or  even 
30°.  If  the  fog  grows  sluggish,  and  continues 
round  the  exploring  wire,  the  electricity  soon  fails; 
but,  if  it  continues  to  rise^  and  another  cloud 
succeeds,  it  electrifies  again  the  wire,  though  less 
than  before.  Sky-rockets  sent  through  such  thick, 
low,  and  continued  fogs,  often  afford  signs  of 
^cctricity.  P.  Beccaria,  under  any  one  of  the 
circumstances  above-described,   never  met  with 
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an  instance  of  negative  electricity ;  except  perhaps 
once^  when  he  sent  a  sky-rocket,  to  which  a 
string  was  fixed,  through  a  low  thick  fog;  though 
he  had  afterwards  every  reason  to  think,  that  be 
had  mistaken  a  false  little  star  for  a  true  one. 

Mr.  Ronayne  observed,  that  the  air  in  Ireland 
was  generally  electrified  in  a  fog,  and  even  in  a 
mist,  and  that  both  day  and  night,  but  princi* 
pally  in  winter;  seldom  in  summer,  except  from 
positive  clouds,  or  cool  fogs.  The  electricity  of 
the  air  in  a  frost  or  fog  is  always  positive.  He 
says,  that  he  has  often  observed,  during  what 
seemed  the  passing  of  one  cloud,  successive 
changes  from  negative  to  positive,  and  from  po^ 
sitive  to  negative* 

N.  B.  Most  fogs  have  a  smell  very  like  an  ex- 
cited glass  tube, 

Mr.  Henley  has  shewn,  that  fogs  are  more 
strongly  electrified  in,  or  immediately  after  a 
frost,  than  at  other  times;  and  that  the  electricity 
in  fogs  is  often  the  strongest  soon  after  their  ap^ 
pearance. 

Whenever  there  appears  a  thick  fog,  and  at  the 
same  time  the  air  is  sharp  and  frosty,  that  fog  is 
strongly  electrified  positively. 

•  Though  rain  is  not  an  immediate  cause,  yet  he 
is  inclined  to  think  it  was  always  a  remote  con* 
sequence  of  electricity  in  the  atntosphere;  and  h^ 
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generally  found,  that  in  two  or  three  days  after  be 
had  discovered  the  air  to  be  strongly  electrified, 
we  had  rain,  or  other  falling  weather. 

If,  in  clear  weather,  a  low  cloud,  which  moves 
dowly  and  is  considerably  distant  from  any  other, 
passes  over  the  wire,  the  positive  electricity  ge- 
nerally grows  very  weak,  but  does  not  become 
negative;  and  when  the  cloud  is  gone,  it  returns 
to  its  former  state.  When  many  whitish  clouds, 
like  locks  of  wool,  keep  over  the  wire,  sometimes 
Ainiting  with,  &nd  then  separating  from  4ach  other, 
thus  forming  a  body  of  considerable* extent,  the 
positive  electricity  commonly  increases.  In  all 
the  above  circumstances,  the  positive  electricity 
never  changes  to  a  negative  one. 

The  clouds  which  lessen  the  electricity  of  the 
exploring  wire  are  those  which  move;  though 
those  that  are  low  seem  also  tp  have  the  same 
effect. 

» 

OP    THE    DIURNAL    ATMOSPHSRICAZf 

ft 

ELECTRICITY. 

In  the  morning,  when  the  hygrometer  indi.- 
cates  a  degree  of  dryness  equal  to,  or  little  less 
than  that  of  the  preceding  day,  an  electricity 
takes  place  before  the  sun  rises;  which  is  mani^ 
fested  ^by  junctions,  adhesions,  or  even  a  divert 
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'  gence  of  the  balls^  and  is  proportioned  to  the 
dryness  t>f  the  air^  and  the  smallness  of  its  difie* 
.rence  from  that  of  the  preceding  day.  If  this 
state  of  dryness  does  not  obtain^  no  discernible 
elccti-icity  will  be  perceived  before,  or  even  for  a 
little  while  after,  the  rising  of  the  sun.  As  the 
air  is  generally  damp  in  the  night,  electricity  is 
seldom  observed  before  the  sun  rises.  During 
three  months  observations,  P.  Beccaria  found  the 
electricity  before  the  sun  rose  only  eighteen  morn- 
ings ;  and  from  the  whole  of  his  numerous  obser-- 
vations  it  appears,  that  the  appearance  of  clectrir 
city  in  winter  before  sun-rise  is  more  frequent  than 
in  summer,  especially  if  the  dampness  from  the 
boar  frost  is  prevented  from  affecting  the  appa- 
ratus. 

In  the  morning,  as  the  sun  rises  higher,  the 
electricity,  whether  it  began  before  sun-rise  or 
only  after,  gradually  increases.  This  gradual  in- 
crease of  the  morning  electricity  begins  sooner, 
if  the  hygrometer  continues  after  sun-rise  to  indi- 
cate a  greater  degree  of  increasing  dryness.  The 
intensity  and  the  rise  of  the  electricity,  after  it 
has  been  annihilated  by  touching  the  exploring 
wire,  lasts  in  serene  days,  in  which  no  impetuoos 
wind  takjes  place  and  the  hygrometer  is  stationary 
at  the  highest  degree  it  has  attained  that  day,  till 
the  sun  draws  near  the  plaoe  of  its  setting.   When 
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the  sua  is  near  setting,  and  in  |»'oportion  as  the  * 
hygrometer  absorbs  the  moisture^  the  inteasity  of 

the  daily  electricity  lessens. 

•  •  • 

Though  the  hygrometer  may  indicate  equal 
degrees  of  dryness  at  twelve  o'clock,  in  different 
days,  yet  the  electricity  will  appear  sooner  after 
being  destroyed  on  some  days  than  oh  others; 
and  this  is  in  a  great  measure  proportioned  to  the 
increase  of  heat.  The  electricity  moreover  com- 
mences on  such  days  later  in  the  morning,  and 
falls  sooner  in  the  evening. 

The  friction  of  winds  against  the  surface  of  the 
earth  is  not  the  cause  of  atmospheric  electricity. 
Impetuous  \*inds  lessen  the  intensity  o{  the  dec- 
tricity  in  clear  weather.  If  they  are  damp,  they 
lessen  its  intensity  in  prop6rtion  to  the  diminution 
they  cause  in  the  exactness  of  the  insulation  both 
o{  the  wire  and  atmosphere. 


OF  THE  ELECTRICITY  PRODUCED  BY  THE 

EVENING  DEW. 

In  cold  seasons,  if  the  sky  is  clear,  little  wind, 
and  a  great  degree  of  increasing  dryness,  an  elec- 
tricity of-considerable  intensity  arises  after  sun-set, 
as  soon  as  the  dew  begins.  The  frequency  of 
such  electricity  is  moreover  greater  than  that  of 
the  daily  electricity,  and  it  vanishes  slowly. 
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In  temperate  or  warm  seasons^  if  the  same  cir- 
cumstances as  before-mentioned  take  place^  an 
electricity  entirely  similar  to  the  former  arises  as 
toon  as  the  sun  has  set :  only  its  intensity  is  not  so 
constant;  it  begins  with  greater  rapidity,  and 
ends  sooner. 

If,  under  the  above  circumstances  respectively^ 
the  general  dryness  of  the  air  happen^  to  be  less, 
tbe  electricity  that  rises  in  the  evening  when  the 
dew  begins  is  less  in  proportion  to  the  diminutions 
of  the  exactness  of  the  insulation  of  both  the  es- 
ploring  wire  and  the  atmosphere;  but  correspon- 
dently  to  the  greater  quantity  of  dew,  the  fre- 
quency of  the  electricity  is  greater* 

The  electricity  of  dew  seems  to  depend  on  the 
quantity  of  dew,  and  to  follow,  in  its  various 
changes,  proportions  similar  to  those  which  take 
place  between  the  electricity  of  calm  miM  raio, 
and  that  of  rainy  and  stormy  weather,  and  varies 
also  according  to  the  seasons. 

As  rain,  showers,  the  aurora  borealis,  and  the 
zodiacal  light,  have  a  tendency  to  appear  for  se- 
veral successive  days  with  the  same  chRracteristic 
accidents,  so  the  electricity  of  dew  seems  to  have 
as  it  were  an  inclination  to  appear  for  several  eve* 
nings  successively  with  the  same  characters. 

Experiment  ccxxxviii.  Let  the  air  in  a 
well-closed  room  be  electrified ;  that  is  to  say,  the 
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moisture  and  other  vapours  diffused  in  it :  then  let 
a  bottle  filled  with  water  colder  than  the  air  in  the 
room,  and  insulated  on  a  tube  of  glass^  be  raised 
pretty  high  in  this  room.  Care  must  be  taken,  to 
*  preserve  the  insulation  of  the  glass  with  warm 
cloths.  The  electric  signs  that  will  arise  in  tw6 
threads  suspended  to  such  bottle,  will  exacdy  re« 
present  the  .electricity  of  dew;  and  they  will  exhi- 
bit the  different  manner  after  which  this  electricity 
takes  place,  according  as  the  electrified  vapours  in 
the  room  are  more  or  less  rare,  as  the  difference 
between  the  heat  of  the  air  in  the  room  and  that 
of  the  water  in  the  bottle  is  less  or  greater,  and 
the  insulation  of  the  bottle  is  more  or  less  exact. , 

In  a  thunder  storm^  Mr.  Ronayne  observed,  that 
the  flashes  would  cause  sudden  changes,  So^ne- 
times  the  electricity  would  be  extended,  sometimes 
diminished,  at  other  times  increased,  and  some** 
times  even  changed  to  the  contrary  again,  though 
none  was  perceived  before;  it  would  come  on 
suddenly  with  a  flash  of  lightning.  A  large  thun-- 
der  cloud,  when  it  darkens  tbe  hemisphere,  does 
not  produce  so  much  electricity  as  a  branch  of  it> 
or  even  as  a  common  shower;  and  a  storm  does 
not  go  in  a  regular  current  of  the  wind,  but  ob- 
liquely and  zig-zag,  viz.  it  rains  in  that  region 
from  whence  the  storm  is  to  proceed. 
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MOSPHERICAL     BXKCTRICITY,     BY     MR.    CA- 
VALLOi 


These  w^e  principally  made  with  an  electrical 
kite,  which  will  cdledt  electricity  from  the  air  at 
any  time.  The  power  of  this  instrument  resides 
in  the  string.  The  best  method  of  making  the 
string,  is  by  twisting  two  threads  of  common 
twine  with  one  of  that  copper  thread  which  is  used 
for  trimming:  a  school-boy's  kite  with  this  string 
answers  the  purpose  as  well  as  any  other.  When 
a  kite  constructed  in  this  manner  was  raised, 
Mr.  Cavallo  says  he  always  observed  the  string 
to  give  signs  of  electricity,  except  once ;  the  wea- 
ther was  warm,  and  the  wind  so  weak,  that  the 
kite  was  raised  with  difficulty,  and  could  hardly 
be  kept  up  for  a  few  minutes:  afterwards,  when 
the  wind  increased,  he  obtained  as  usual  a  strong 
positive  electricity. 

If  this  kite  was  raised  at  a  time  when  there 
was  any  probability  of  danger  from  the  great 
quantity  of  electricity,  Mr.  Cavallo  connected 
one  end  of  a  chain  with  the  string,  and  let  the 
other  end  fall  on  the  ground,  and  placed  himself 
also  on  an  insulating  stool.  Except  the  kite  is 
raised  in  a  thunder  storm,  there  is  no  great  dan- 
ger that  the  operator  will  receive  a  shock.    Al* 
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tbough  he  rai3ed  his  kite  hundreds  of  times  with- 
out  any  precaution  whatever,  he  seldom  received 
even  a  few  slight  shocks  in  the  arms.  But  it  is 
not  adviseahle  to  raise  it  while  stormy  clouds  are 
over  head.  This  is  also  less  necessary,  as  the 
electricity  of  the  atmosphere  may  then  be  easily 
observed  by  other  means.  .  . 

When  the  kite  was  raised,  he  often  introduced 
the  string  through  a  window  into  a  room  of  the 
house,  and  fastened  it  by  a  strong  silk  lace  to  a 
chair  in  the  room.  Plate  N,  jftg.  78,  AB  repre- 
sents part  of  the  string  of  the  kite,  which  comes 
within  the  room ;  C,'  the  silk  lace ;  D  £,  a  small 
prime  conductor,  which  by  means  of  a  small  wire 
is  connected  with  the  string  of  the  kite;  F,  a  qua- 
drant electrometer  fixed  upon  an  insulating  stand, 
and  placed  near  the  prime  conductor;  G,  a  glass 
tube  about  eighteen  inches  long;  gn,  a  ball  and 
wire  of  brass,  which  are  fixed  to  the  glass  tube« 
This  small  instrument  is  useful  tt>  determine  the 
quality  of  the  electricity,  when  it  is  not  safe  to 
come  near  the  string.  This  is  effected  by  touch- 
ing the  string-with  the  wire,  which  takes  a  sufH- 
cipnt  quantity  from  it  to  ascertain  therieby  the 
quality  of  the  electricity,  either  by  the  attraction 
and  repulsion  of  light  balls,  or  the  appearances  of 
the  electric  light :  or  it  may  be  ascertained  by  a 
Xeyden  jar,  which  will  retain  a  charge  for  a  con- 
siderable time;   and  then  the  kite  need  sot  be 


^452  GAVALLo's  EXPERt&ENTS 

b 

kept  op  any  longer  than  is  necessary  to  charge  ibtf 
jar,  by  which  the  quality  will  be  shewn  even  at 
some  days  distance. 

If  a  chiarged  jar  is  carefully  kept  from  any  of 
those  means  by  which  it  is  known  to  be  dis- 
charged, it  will  retain  its  charge  for  a  long  time. 
On  this  principle  the  above  mentioned  jar  is  con- 
structed: the  jar  is  coated  in  the  usual  manner; 
the  uncoated  part  of  the  glass  is  covered  with 
wax,  or  else  well  varnished ;  a  glass  tube,  which 
is  open  at  both  ends,  is  cemented  into  the  neck  of 
this  jar,  having  a  piece  of  tin-foil  connected  with 
its  lowest  extremity,  which  touches  the  inside 
non-electric  coating.  A  glass  handle  is  fixed  to 
the  ball  on  the  wire  which  passes  into  the  fore- 
going glass  tube ;  the  wire  is  of  a  proper  length 
to  touch  the  tin-foil  which  is  at  the  bottom  of  the 
tube*  Charge  this  jar  in  the  usual  manner,  and 
then  take  out  the  wire  froni  the  glass  tube  by 
means  of  the  glass  handle.  This  may  be  done 
without  discharging  the  jar;  and,  as  the  fire  can- 
not now  escape  easily,  the  charge  of  a  jar  may  be 
preserved  for  many  weeks. 

Fig.  80  represents  a  very  simple  instrument, 
contrived  by  Mr.  Cavallo,  for  making  experi- 
ments on  the  electricity  of  the  atmosphere,  and 
which,  on  several  accounts,  appears  to  be  the  best 
for  the  purpose.  A  B  is  a  common  jointed  fishing 
rod,  without  the  last  or  smallest  joint;  from  the 
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extremity  of  this  rod  proceeds  a  small  glass  tube, 
C,  covered  with  sealing-wax;  a  cork,  D,.  is, fixed 
at  the  end  of  it,  from  which  an  electrometer  with 
pith  balls  is  suspended.  HGI,  is  a  piece  of 
twine  fastened  to  the  other  extremity  of  the  rod, 
and  supported  at  G  by  a  small  string,  F  G.  At 
the  end  of  the  twine,  T,  a  pin  is  fastened,  whichj 
when  pushed  into  the  cork,  D,  renders  the  elec- 
trometer, E,  uninsulated.  When  the  electricity 
of  the  atmosphere  is  observed  with  this  instru- 
ment, thrust  the  pin,  T,  into  the  cork,  D,  and 
hold  the  rod  by  the  lower  end,  A;  place  it  out  of 
a  window  at  the  upper  part  of  the  house,  raising 
the  end  of  the  rod  with  the  electrometer,  so  as  to 
make  an  angle  of  50  or  6o  degrees  with  the  ho- 
rizon. Keep  the  instrument  in  this  situation  for 
a  few  seconds,  then  pull  the  twine  at  H,  and  the 
pin  will  be  disengaged  from  the  cork,  D;  which 
operation  causes  the  string  to  drop  in  the  clotted 
situation,  K  L,  and  leaves  the  electrometer  insu- 
lated, and  electrified  with  an  electricity  contrary 
to  that  of  the  atmosphere.  This  being  done,  you 
may  draw  the  electrometer  into  the  room,  and 
examine  the  quality  of  the  electricity,  without 
obstruction  either  from  wind  or  darkness. 

The  aurora  borealis  seems  not  to  affect  the 
electricity  of  the  kite. 
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The  electrical  spark  taken  from  the  string  of 
the  kite,  or  from  any  insulated  conductor  con-  . 
nected  with  it,  especially  when  it  does  not  rain, 
is  seldom  longer  than  a  quarter  of  an  inch,  but  it 
is  exceedingly  pungent.  When  the  index  of  the 
electrometer  is  not  higher  than  20°,  the  person 
who  takes  the  spark  will  feel  the  effects  of  it  in 
his  legs;  it  appears  more  like  the  discharge  of  an 
electric  jar,  than  the  spark  taken  from  the  prime 
conductor  of  an  electrical  machine. 

The  electricity  of  the  kite  is  in  general  stronger 
or  weaker,  according  as  the  string  is  longer  or  * 
shorter;  but  it  does  not  keep  any  exact  propor- 
tion to  it.  For  instance;,  the  electricity  brought 
down  by  a  string  of  an  hundred  yards  may  raise 
the  index,  of  the  electrometer  to  20°,  wben,'with 
double  that  length  of  string,  the  index  of  the 
electrometer  will  not  go  higher  than  25°. 

When  the  weather  is  damp,  and  the  electricity 
is  pretty  strong,  the  index  of  the  electrometer, 
after  taking  a  spark  from  the  string,  or  presenting 
the  knob  of  a  coated  jar  to  it,  rises  surprisingly 
quick  to  its  usual  place;  but,  in  dry  or  warm 
weather  it  rises  exceedingly  slow. 

It  appears,  from  the  observations  which  have 
been  made  on  the  electricity  of  the  atoiosphere, 
that  nature  makes  great  use  of  this  fluid  for  pro- 
moting vegetation. 
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1.  In  the  spring,  when  plants  begin  to  grow^ 
then  temporary  electrical  xlouds  begin  to  appear^ 
and  pour  forth  electric  rain.  The  electricity  of 
the  clouds  and  of  the  rain  continues  to  increase 
till  that  part  of  the  autumn  in  which  the  last  fruits 
are  gathered. 

2.  It  is  this  fluid  which  supplies  common  fire 
with  that  moisture,  by  the  help  of  which  it  actu- 
ates and  animates  vegetation;  it  is  the  agent  that 
collects  the  vapours,  forms  the  clouds,  and  is  then 
employed  to  disorder  and  dissipate  them  in  rain. 

3.  From  the  same  principle  may  be  explained 
tke  proverb,  that  No  watering  gives  the  country  so 
smiling  a  look  as  rain.  The  clouds  of  rain,  by 
extending  their  electric  atmosphere  to  the  plants, 
dispose  the  pores  of  the  latter  to  receive  with 
greater  facility  the  water  which  is  impregnated 
with  this  penetrating  and  dilating  fluid.  Besides, 
it  is  natural  to  suppose,  that  the  positive  electri- 
city, which  continually  prevails  in  serene  weather, 
will  contribute  to  promote  vegetation,  since  this 
has  been  found  to  be  the  effect  of  even  artificial 
electricity. 
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OP  THE  IMPERFECTIONS  OP  METEOROLOGY, 
SO  LONG  AS  BAROMETRICAL,  THEBMOME- 
TRICAL,  AND  HYG  ROMETRICAL  OBSERVA- 
TIONS ARE  NOT  ACCOMPANIED  WITH  THE 
REGULAR  OBSERVATION  OF  THE  ELECTRI- 
CITY OP  THE  ATMOSPHERE,  OP  THE  ELEC- 
TRICITY OP  RAIN,  SNOW,  MISTS,  AND  AQUE- 
OUS METEORS  IN  GENERAL.    BY  MR.  ACHARD. 

As  it  is  now  clearly  ascertained,  that  electricity 
is  a  cause  of » various  meteorological  phenomena, 
it  is  rather  surprizing  that  philosophers  have  not 
perceived  the  absolute  necessity  of  joining  an  in- 
strument, by  which  observations  may  be  made  on 
the  electricity  of  the  atmosphere,  to'  those  which 
indicate  its  weight,  heat,  and  humidity. 

Without  considering  in  this  place  the  different 
proofs  of  the  influence  of  electricity  on  meteors, 
it  will  be  sufficient  to  remark,  that  wc  cannot 
attain  to  an  adequate  knowledge  of  any  pheno- 
mena, occasioned  by  the  concurrence  of  various 
causes,  without  being  acquainted  with  them  all; 
for,  if  any  one  is  neglected^  it  will  be  absolutely 
impossible  thoroughly  to  explain  the  phenomena. 
If  electricity  is  not  the  sole  cause  of  several  mete- 
orological  appearances,    it  is   undoubtedly  con- 
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cerncd  more  or  less  in  their  formation;  so  that, 
by  neglecting  to  observe  it,  as  well  as  the  baro- 
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iheter,  &c.  we  lose  the  fruits  of  other,  even  very- 
exact,  meteorological  observatiqns. 

The*  influence  of  electricity  on  vegetation  is 
proved  by  a  set  of  observations  made  by  different 
philosophers;  but  it  evidently  appears,  that  the 
botanical  meteorological  observations  alone  will 
never  be  so  useful  as  might  be  expected,  till  we 
unite  those  made  by  an  instrument  which  will 
indicate  the  electric  state  of  the  atmosphere,  to 
those  made  with  other  instruments.  It  is  owing 
to  this  cause,  perhaps,  that  it  is  impossible  to 
draw  any  conclusion  from  the  botanical  meteoro- 
logical observations  of  Messrs.  Gaudier  and  Diiha- 
meJf  which  were  continued  from  1751  to  1769. 

Mr.  Achard  has  had  an  opportunity  of  making 
a  few  observations,  but  they  were  sufficient  to 
convince  him  of  the  intimate  connexion  that  sub- 
sists between  the  formation  of  the  most  part  of 
meteors  and  atmospherical  electricity. 

To  discover  if  the  atmosphere  was  electrical,  he 
made  use  of  a  pair  of  light  pith  balls,  which  were 
attached  to  a  resinous  rod.  This  electrometer,  from 
its  simplicity,  is  almost  preferable  to  any  other  for 
merely  discovering  that  electricity  exists  in  the 
atmosphere. 

During  the  month  of  July,  1778,  Mr.  Achard 
observed  daily  the  electricity  of  the  atmosphere  in 
the  morning,  at  noon,  and  in  the  evening,  with  a 
pair  of  snjall  pith  balls,  which  were  placed  above 
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the  roof  of  the  house,  above  40  feet  high^  and 
sufficiently  distant  from  buildings,  trees,.  &c. 
During  the  whole  time  there  were  only  ten  days 
which  gave  no  signs  of  electricity;  seventeen 
days,  including  the  foregoing  ten;  in  which  he 
could  observe  no  electricity  in  the  morning,  tbo* 
it  became  very  sensible  at  noon,  and  was  veiy 
much  increased  towards,  the  setting  of  the  sun. 
Every  other  day  he  found  the  air  electrical  during 
the  whole  day,  but  always  strongest  a  little  before 
sun-set,  a  short  time  after  which  it  began  again 
to  diminish. 

If  in  serene  weather  the  sky  became  suddenly 
cloudy,  the  electrometer  indicated  continual 
changes  in  the  electricity  of  the  atmosphere; 
sometimes  increasing,  then  disappearing,  then  re* 
appearing;  in  which  case  it  had  generally  changed 
from  positive  to  negative,  or  vice  versa.  In  windy 
weather,  he  found  it  difficult  to  observe  with  the 
electrometer,  on  account  of  the  continual  motion 
of  the  balls.  It  seemed  to  vary  considerably  when 
the  air  was  heavy,  but  not  windy.  When  the 
weather  was  very  calm,  and  the  sky  without 
clouds,  the  electrometer  did  not  alter  in  the  least, 
except  towards  sun-set,  when  it  increased  in  a 
small  degree. 

It  is  remarkable,  that  in  those  days  in  which  he 
observed  no  electricity  in  the  air,  there  was  no 
dew  at  night;  while,  on  the  other  nigbtsj,  it  feU 
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in  greater  or  less  quantities.     He  does  not  thint 
those  observations  are  sufficient  to  deterpiine,  that 
the  dew  is  occasioned  by  electricity;  tut  it  may, 
he  thinks,  be  fairly  inferred,  that  the  elevation 
and  fall  of  the  dew  is  obstructed  ol*  promoted  by 
the  electricity  of  the  air.     It  is  easy  to  point  out 
in  what  manner  electricity  may  produce  the  effect. 
Let  us  suppose  the  air  to  be  either  positively  or 
negatively  electrified,  but  the  surface  of  the  globe 
where  we  are  not  to  be  so;  the  aqueous  and  vola- 
tile parts  of  the  vegetables,  exhaled  by  the  rays  of 
the  sun,  and  suspended  ia  the  air,  will  become 
electric  by  communication.    The  Air,  cooliqg  by 
the  absence  of  the  solar  heat,  will  not,  after  the 
setting  of  the  sun,  retain  the  aqueous  particles 
with  the  same  force;  and  these  being  attracted  by 
the  non-electric  bodies,  which  are  on  the  surface 
of  the  earth,  their  superficies  will  be  covered  with 
dew.     Again,  let  us  suppose  that  the  surface  of 
the  earth  is  electrical,  but  that  the  air  is  not  elec^ 
trical,  and  the  effect  will  be  similar  to  the  preced- 
ing case.     If  the  air  and  the  earth  are  both  elec- 
trified, but  with  contrary  powers,  the  attraction 
will  be  stronger  and  the  dew  more  abundant;  but 
no  dew  will  fall  if  they  are  both  possessed  of  the 
same  power,  and  in  the  same  degree.     It  is  known 
that  the  dew  does  dot  fall  with  the  same  facility 
upon  all  bodies,  and  that  electric  bodies  are  those 
on  which  it  falls  with  the  greatest  abundance. 
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This  fact  admits  of  an  easy  explanation,  if  we  sup- 
pose electricity  to  be  the  cause  of  the  dew;  for 
the  electric  bodies  do  not  readily  receive  electri- 
city from  the  medium  which  surrounds  them: 
there  is,  therefore,  always  a  greater  difference  be- 
twcen  the  electricity  of  the  air  and  that  of  the 
electrics  which  are  placed  in  it,  than  between  the 
electricity  of  the  air  and  the  conducting  bodies 
which  it  envelopes.  Now,  it  is  in  the  ratio  of 
this  difference  that  the  power  of  electric  attraction 
acts,  and  consequently  these  bodies  ought  to  be 
covered  more  abundantly  with  dew. 

As  electricity  is  often,  if  not  always,  the  cause 
of  dew,  no  one  will  doubt  the  ncsessity  of  attend- 
ing to  it  in  the'  botanical  meteorology,  as  every 
one  is  acquainted  with  the  influence  of  dew  on 
the  growth  of  vegetables. 

In  the  Phil.  Trans,  for  3  773,  are  observations 
on  the  electricity  of  fogs,  which  prove  that  they 
are  generally  electrical.  Mr.  Achard  has  made 
several  observations,  the  results  of  which  corres- 
pond entirely  with  those,  for  he  constantly  found 
that  the  air  was  more  or  less  electrified  by  a  fog. 
Twice  he  observed,  that  in  the  space  of  a  few 
minutes  the  fog  ceased  altogether,  and  fell  in 
form  of  a  fine  rain;  and,  though  it  was  ver}^  thjck, 
disappeared  in  about  seven  minutes.  It  is  also 
very  probable  that  rain  is  occasioned  by  electri- 
city; and  of  this  we  shall  be  convinced,   if  wc 
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consider  the  attractions  and  repulsions  that  the 
terrestrial  or  atmo^hcric  electricity  must  occasion, 
as  well  between  the  surface  of  the  globe  and  the 
vapours  contained  in  the  air,  as  between  the  par- 
ticles of  vapour  which  always  necessarily  tend  to 
disperse  or  unite  the  aqueous  particles  which 
swim  in  the  atmosphere,  and  to  bring  them  nearer 
or  carry  them  farther  from  the  earth, 

M.   DE    SAUSSURf/s  OBSERVATIONS   ON  THE  AT- 
MOSPHERICAL ELECTRICITY. 

The  intensity  of  the  atmospheric  electricity  is 
varied  by  a  great  many  circumstances,  some  of 
which  may  be  accounted  for,  others  not.  When 
the  weather  is  not  serene,  it  is  impossible  to  assign 
any  rule  for  their  variation,  as  no  regular  corres- 
pondence can  then  be  perceived  with  the  different 
hours  ofnhe  day,  nor  with  the  various  modifica- 
tions of  the  air.  The  reason  is  evident;  when 
contrary  and  variable  winds  reign  at  different 
heights,  when  clouds  are  rolling  over  clouds,  these 
winds  and  clouds,  which  we  cannot  perceive  by 
any  exterior  sign,  influence  however  the  strata  of 
air  in  which  we  make  our  experiments,  produce 
these  changes  of  which  we  only  see  the  result, 
without  being  able  to  assign  either  the  cause  or 
its  relation.  Thus,  in  stormy  weather,  we  sec  the 
electricity  strong,  then  null,  and  in  a  moment  after 
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arise  to  its  former  force;  on^  instant  positive,  the 
next  negative,  without  being  able  to  assign  any 
reason  for  these  changes.  M.  De  Saussujre  says, 
that  he  has  seen  these  changes  succeed  with  such 
rapidity,  that  he  had  not  time  to  note  them  down. 

When  rain  falls  without  a  storm,  these  changes 
arc  not  so  sudden;  they  are  however  very  irre- 
gular, particularly  with  respect  to  the  intensity 
o{  force;  the  quality  thereof  is  more  constant. 
Rain,  or  snow,  almost  uniformly  gives  positive 
electricity. 

In  cloudy  weather,  without  rain  or  storms,  the 
electricity  follows  generally  the  same  laws  as  in 
serene  weather. 

Strong  winds  generally  diminish  its  intensity; 
they  mix  together  the  different  strata  of  the  at- 
mosphere, and  make  them  pass  successively  to- 
wards the  ground,  and  thus  distribute  the  electri- 
city uniformly  between  the  earth  and  the  air, 
M.  De  Saussure  has  observed  a  strong  electricity 
with  a  strong  north  wind  (la  bise,) 

The  state  of  the  air,  in  which  the  electricity  is 
strongest,  is  fo^gy  weather;  this  is  always  accom- 
panied with  electricity,  except  when  the  fog  is 
going  to  resolve  into  rain. 

The  most  interesting  observations,  and  those 
which  throw  the  greatest  light  upon  the  various 
modifications  of  electricity  in  our  atmosphere,  arc 
those  that  are  made  in  serene  weather.     In  winter. 
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during  which  most  of  M.  De  Saussure^s  observa-* 
tions  were  made^  and  in  serene  weather,  the  elec- 
tricity  was  generally  weakest  in  the  evening,  when 
the  dew  had  fallen,  until  the  moment  of  the  sun^s 
rising;  its  intensity  afterwards, augmented  by  de- 
grees, sometimes  sooner  and  sometimes  later ;  but 
generally  before  noon  it  attained  a  certain  maxi- 
mum, from  whence  it  again  declined,  till  the  fall 
of  the  dew,  when  it  would  be  sometimes  stronger 
than  it  had  been  during  the  whole  day;  after 
which  it  would  again  gradually  diminish  during 
the  whole  night)-  but  is  never  quite  destroyed,  if 
the  weather  is  perfectly  serene. 

Atmospherical  electricity  seems  therefore,  like 
the  sea,  to  be  subject  to  a  flux  and  re-flux,  which 
causes  it  to  increase  and  diminish  twice  in  twenty- 
four  hours.  The  moments  of  its  greatest  force 
are  some  hours  after  the  rising  and  setting  of  the 
sun ;  those  when  it  is  weakest,  precede  the  rising 
and  setting  thereof.  This  will  be  further  ex- 
plained in  the  following  pages. 

M.  De  Saussure  has  given  an  instance  of  this 
periodic  flux  in  electricity,  on  the  22d  of  Febru- 
ary, 1785,  one  of  the  coldest  days  ever  remem- 
bered at  Geneva:  the  hygrometer  and  thermome^ 
ter  were  suspended  in  the  open  air,  on  a  ten-ace 
exposed  to  the  south-west;  the  electrometer,  from 
its  situation,  indicated  an  electricity  equal  to 
what  it  would  have  shewn  if  it  had  been  placed  on 
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an  open ,  plane.  The  height  of  the  barometer  is- 
reduced  to  .what  it  would  have  been  if  the  mercury 
had  been  constantly  at  the  temperature  of  ten 
degrees  o(  Reaumur  s  thermometer.  The  place  of 
observation  was  elevated  6o  feet  above  the  level  of 
the  lake.  The  observations  of  the  day  preceding 
and  following  this  great  cold^  are  inserted  in  the 
following  table;  because  it  is  pleasing  to  have  the 
observations  which  precede  and  follow  any  sin- 
gular phenomena.  There  was  a  weak  S.  W.  wind 
during  the  whole  three  daysr  and  it  is  rather  re- 
markablcj  that  most  of  the  great  colds,  which 
have  been  observed  at  Geneva,  were  preceded  by, 
or  at  least  accompanied  with,  a  little  S.  W.  breeze. 
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From  the  first  eighteen  observations  of  this  ta- 
ble, when  the  sky  was  quite  serene,  we  see  that 
the  electricity  was  pretty  strong  at  nine  in  the 
morning,  that  from  thence  it  gradually  diminished 
till  towards  six  in  the  evening,  which  was  its  first 
minimum ;  after  which  it  increased  again  till  eight, 
its  second  maximum;  from  whence  it  again  gra- 
doally  declined  till  six  the  next  morning,  which 
was  the  time  of  its  second  minimum ;  after  which 
it  again  increased  till  ten  in  the  morning,  which 
was  the  first  maximum  of  the  following  day ;  as 
this  was  cloudy,  the  electric  periods  were  not  so 
regular. 

The  electricity  of  serene  weather  is  much 
weaker  in  summer  than  in  winter,  which  renders 
it  more  difficult  to  observe  these  gradations  in 
summer  than  in  winter ;  besides  a  variety  of  acci- 
dental causes,  which  at  the  same  time  render 
thepi  more  uncertain.  In  general,  in  summer,  if 
the  ground  has  been  dry  for  some  days,  and  the 
air  is  dry  also,  the  electricity  increases  from  the 
rising  of  the  sun  till  three  or  four  in  the  aftcr- 
'noon,  when  it  is  strongest;  it  then  diminishes  till 
the  dew  begins  to  fall,  which  again  reanimates  it; 
though  after  this  it  declines,  and  is  almost  extin- 
guished during  the  night.  ' 

But  the  serene  days  that  succeed  rainy  weather 
in  summer,    generally  exhibit  the  same  diurnal 
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periods  or  states  of  electricity^  as  are  to  be  ol>< 
served  in  winter. 

The  air  is  invariably  positive  in  serene  weather, 
both  in  winter  and  summer^  day  and  ni^t^  in  the 
sun  or  in  the  dew.  It  would  seem^  therefore,  that 
the  electricity  of  the  air  is  essentially  positive,  and 
that,  whenever  it  appears  to  be  negative,  in  certain 
rains  or  in  storms,  it  probably  arises  from  some 
clouds,  which  have  been  exposed  to  the  pressure 
of  the  electric  fluid  contained  in  the  upper  part  of 
the  atmosphere,  or  to  more  elevated  clouds,  that 
have  discharged  a  part  of  their  fluid  upon  the 
earth  or  upon  other  clouds. 

In  order  to  find  out  the  cause  of  these  pheno- 
mena, M^  De  Saussure  instituted  a  set  of  experi- 
ments on  evaporation,  avoiding  the  use  of  Mr. 
Folia's  condenser. 

To  produce  a  strong  evaporation,  he  threw  a  ' 
mass  of  red-hot  iron  into  a  small  quantity  of  water 
which  was  contained  in  a  coffee  pot  with  a  large 
iiK>utb,  and  suspended  by  silken  strings ;  by  this 
he  obtained  a  strong  positive  electricity,  though, 
according  to  Mr.  Volids  system,  it  ought  to  have 
been  negative;  the  experiment  was  repeated  seve- 
ral times,  varying  in  some  of  the  circumstances, 
but  the  result  was  always  the  same. 

As  it  was  not  easy  to  think  so  able  a  philosopher 
as  Mr.  VoUa  was  deceived,  it  was  necessary  to  try 
the  experiment  in  a  manner  more  aaalogoua  to 
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that  of  Mr.  F^olia.  A  small  chafing-dish  wa.% 
therefore,  insulated  by  silken  cords,  and  the  cof- 
fee-pot, with  a  small  quantity  of  water,  placed  on 
it;  one  electrometer  was  connected  with  the  cof- 
fee-pot, and  another  with  the  chafing-dish;  the 
fire  was  raised  by  a  pair  of  bellows.  When  the 
water  had  boiled  strongly  for  a  few  minutes,  both 
electrometers  exhibited  signs  of  electricity,  which, 
on  examination,  was  found  to  be  negative;  prov- 
ing the  truth  of  Mr,  VoUas  experiment.  The 
evaporation  produced  by  the  effervescence  of  iron 
in  the  vitriolic  acid,  and  by  that  of  chalk  in  the 
same  acid,  gave  also  negative  electricity. 

It  was  now  necessary  to  inquire,  why  the  va- 
pour excited  by  the  heated  iron  produced  positive 
electricity,  while  that  from  boiling  water,  in  any 
other  way,  produced  a  negative  electricity. 

M.  De  Suussiire  suspected,  that  the  intensity  of 
heat  to  which  the  water  is  exposed,  by  the  contact 
of  a  body  in  the  state  of  incandescence^  was  the 
cause  of  the  electricity  produced  by  its  evapora- 
tion, and  that  a  combination  was  then  formed,  by 
which  a  new  quantity  of  the  electric  fluid  was 
produced.  This  conjecture  may  at  first  sight 
seem  improbable;  but;  the  quantity  of  electricity 
produced  by  this  experiment  will  astonish  those 
that  repeat  it:  and  this  quantity  is  the  more  sur- 
prizing, because,  if  it  is  true,  according  to  the 
system  of  Mr.  VoUa^  that  vapours  absorb,  while 
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tkey  are  forming,  a  quantity  of  the  electric  fluid, 
there  must  therefore  be  enough  developed  in  this 
experiment  for  the  formation  of  the  great  quantity 
of  vapours  produced  by  the  hoated  iron,  and  after- 
wards a  sufficient  quantity  to  electrify  strongly  the 
apparatus  and  all  these  vapours. 

This  experiment'  shews  clearly  the  cause  of  that 
prodigious  quantity  of  electricity,  which  is  un- 
folded'in  the  eruption  of  volcanos;  as  it  is  proba- 
ble that  the  water  in  these,-  from  many  circum- 
stances, acquires  a  much  greater  degi-ee  of  heat 
than  is  given  to  it  in  our  experiments. 

To  verify  this  conjecture,  that  it  was  in  some  ^ 
measure  the  combustion  of  the  water,  or  the  iron, 
that  produced  the  positive  electricity,  it  was  proper 
to  try  whether,  by  a  regular  moderation  of  the 
heat  of  the  iron,  positive  electricity  would  always 
be  obtained:  This  was  essayed  in  the  following 
manner:  a  large  iron  crucible,  five  inches  high, 
four  in  diameter,  and  six  lines  thick,  was  heated 
red-hot,  then  insulated;  after  which  small  quan- 
tities of  water  were  thrown  into  it,  each  projection 
of  the  water  cooling  more  and  more  the  crucible ; 
thus  descending  by  degrees,  ^  till  there  was  only 
sufficient  heat  to  boil  the  water,  carefully  observ- 
ing and  then  destroying  the  electricity  produced 
at  each  projection.  The  electricity  was  always 
positive,  or  null:  at  the  first  projections  it  was 
very  strong;  it  gradually  diminished  to  the  twelfth, 
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when  it  was  scarce  sensible^  though  always  with  m 
tendency  to  be  positive. 

On  repeating  this  experiment,  and  varying  it 
in  different  ways,  a  remarkable  circumstance  was 
observed:  when  a  small  quantity  of  water  was 
thrown  into  the  crucible,  the  moment  it  Was  taken 
from  the  fire,  while  it  was  of  a  pale  red,  approach- 
ing what  is  called  the  white  heat,  no  electricity 
was  obtained. 

This  fact  seemed  to  have  some  connexion  with 
another,  mentioned  by  ^usschetnhraeci,  that  wa- 
ter evaporates  more  slowly  on  metal,  or  any  other 
incandescent  body,  than  on  the  same  body  heated 
only  a  small  degree  above  boiling  water.  tTo  ex- 
amine this  relation,  and  to  find  whether  there  was 
any  between  the  periods  of  evapqiuiion  and  the 
production  of  electricity,  M.  De  Saussuxc  made  a 
great  number  of  experiments,  which  are  most 
accurately  described  in  his  excellen't  work;  but, 
as  the  detail  would  be  much  too  long  to  he  intro- 
duced in  this  work,  I  mu§t  content  myself  with 
presenting  the  reader  with  the  heads  thereof,  and 
a  description  of  the  apparatus. 

The  apparatus  consisted  of  a  pot  of  clay,  well 
baked  or  annealed,  fifteen  lines  thick,  and  four 
inches  diameter;  this  was  insulated  by  a  dry  glass 
goblet :  upon  this  pot  was  placed  the  crucible,  or 
any  other  heated  substance,  upon  which  the  water 
was  to  be  thrown  in  order  to  be  reduced  into  va- 
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poors;  the  crucible  was  contiguous  to  a  \«^Irc  ton*** 
nected  with  an  electrometer;  a  measure  contain- 
ing 54  grains  weight  of  distilled  water  was  thrown 
.iipoci  the  heated  crucible;  the  time  employed  in 
the  evaporation  thereof  was  observed  by  a  second 
watch;  the  etectricity  produced  by  this  evapora- 
tion y^Bs  noted.  When  this  measure  of  water  was 
rcdoced  into  vapour,  the  electricity  of  the  appa- 
ratus is  destroyed,  and  a  fresh  measure  of  water' 
is  thrown  into  the  crucible;  proceeding  in  the 
same  manner  till  the  crucible  is  almost  cold* 

The  first  experiment  was  with  an  iron  crucible,, 
from  which  it  was  found,  that  Musschemhroeck  was 
not  right  in  saying,  that  the  evaporation  was 
slowest  when  the  iron  was  hottest;  for,  at  the 
instant  it  was  taken  from  the  fire,  it  required 
nineteen  seconds  to  evaporate  the  water,  and  took 
more  tinie  till  the  third  projection,  when  it  took 
thirty <*five  seconds;  though  from  that  period  it 
employed  less  time,  or,  in  other  words,  the  eva- 
poration accelerated  in  proportion  as  the  iron 
cooled. 

With  respect  to  the  electricity,  it  was  at  first  0, 
then  positive,  afterwards  negative,  then  O,  and 
afterwards  positive  to  the  end  of  the  experiment* 
The  vapour  waSlot  visible  till  the  seventh  pro- 
jection. 

In  the  second  experiment  with  the  same  cruci- 
ble, though  every  endeavour  was  maile  u$«  q(  ta  • 
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render  them  as  -Bimilar  as  possible,  the  electricity 
was  constantly  positive. 

The  third  experiment  was  with  a  copper  cruci- 
ble; here  also  the  electricity  was  positive,  and  the 
longest  time  employed  in  evaporation  was  not  the 
instant  of  the  greatest  heat.  It  was  very  curious 
to  see  the  water  endeavouring  to  gather  itself  into 
a  globule,  like  mercury  on  glass;  to  be  sometimes 
immoveable,  and  then  to  turn  on  itself  horizon- 
tally with  great  rapidity;  sometimes  throwing 
from  some  of  its  points  a  little  jet,  accompanied 
with  an  hissing  noise.  / 

The  fourth  experiment  was  with  the  same  cru- 
cible; the  electricity  was  at  first  negative,  then 
constantly  positive.  • 

The  fifth  was  with  a  crucible  of  pure  silver;  a 
considerable  time  was  employed  here  in  evaporat- 
ing the  same  quantity  of  water,  even  in  the  in* 
statu  of  the  greatest  heat  it  took  five  minutes  six 
seconds;  the  electricity  was  weak,  three  times  no 
electricity  was  perceived,  five  times  negative  clec- 
'   tricity  was  discovered. 

In  a  sixth  experiment  with  the  samexrucible, 
a  positive  electricity  was  obtained,  .at  the  second 
projection;  after  which  none  of  any  kind  was  per- 
ceived. 

The  seventh,  with  the  same,  gave  at  first  a 
strong  negative  electricity;  the  second  and  third 
projection  gave  a  weak  positive  electricity. 


ON  ATMOSPHERICAL  ELECTRICITY.        453 

The  eighth  was  made  with  a  porcelain  cup; 
here  the  evaporation  was  slower  at  the  second^ 
than  the  first  projection;  but,  from  this  it  took 
longer  time  till  it  was  cold,  contrary  to  what  hap- 
pened with  the  metals:  the  electricity  was  always 
negative. 

The  ninth  and  tenth  experiments,  with  the 
same  cup,  produced  similar  effects. 

The  eleventh  experiment  was  with  spirit  of  wine 
in  a  silver  crucible;  here  there  was  no  electricity 
produced  at  the  two  first  projections,  and.  what 
was  afterwards  obtained  was  negative. 

The  twelfth  experiment,  with  ether;  here  the 
electricity  W€is  also  negative.  These  two  inflam- 
mable fluids,  in  evaporating,  followed  the.  same 
laws  as  water,  being  dissipated  at  first  most  ra- 
pidly in  the  greatest  heat;  afterwards  taking  a 
longer  and  longer  time  before  they  were  evapo- 
rated, to  a  certain  period;  then  empleying  less 
time,  or  evaporating  quicker,  till  the  crucible  was 
nearly  cold. 

Now,  as  china  and  silver  alwkys  produced  ne- 
gative electricity,  while  irofi  and  copper  have  ge- 
nerally given  positive  electricity,  we  may  conclude 
that  electricity  is  positive  with  those  bodies  that 
are  capable  of  decomposing  water,  or  of  being 
decqmposed  themselves  by  their  contact  with  the 
water;  and  negative  with  those  which  are  not  at 
all  decomposed  or  altered.  x    • 
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From  hence  M.  De  Saussure  conjectures,  that 
tbe  electric  fluid  may  be  looked  upon  as  formed 
by  the  unioi^  of  fire  with  some  unknown  principle^ 
perhaps  a  ftoid  analogous  to  inflammable  air,  bttt 
exceedingly  more  subtile.  Thi9  an'alogy  seems  to 
him  sufficiently  proved  by  the  inflammation  of  the 
electric  fluids  and  by  the  diminution  of  the  air  in 
.  which  this  inflammation  is  made.  Though  naitrf 
ck)ubts  have  been  attempted  to  be  thrown  on  tins 
inflammation^  there  seems  to  be  one  reason  whtck 
forces  us  to  admit  it^  which  is,  the  loss  of  a  quan^ 
tity  of  this  fluid  at  every  spark;  we  may  dtmtnish 
at  pleasure  any  quantity  of  this  fiuid  (en  hfaisant 
ethictler)  by  taking  a  number  of  sparks  from  it. 
From  whence  also  it  may  be  inferred,  that  a 
eonsiderable  quantity  is  destroyed  every  day  by 
thunder. 

According  to  this  system,  when  the  operation, 
which  convei'ts  water  into  vapour,  produces  at  the 
same  time  a  decomposition,  it  then*  generates  the 
electric  fluid.  A  part  of  this  fluid  combines  itself 
immediately  with  these  vapours,  and  serves  even 
to  form  them.  The  vessel  in  which  this  opera- 
tion is  performed  will  acquire  a  positive  electricity, 
none  at  all,  or  a  negative;  according  as  the  quan- 
tity of  the  fluid  generated  is  superior,  equal,  ot 
inferior  to  that  which  the  formation  of  the  vapours 
consumes.  When  no  decomposition  accompanies 
the  evaporation,  the  electricity  ought  to  be  con- 
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btarttly  negative,  because  th^ft  is  hothing  to  re- 
place the  quahtity  of  this  fluid  which  is  employed 
in  fdrffting"  the  vapcrur. 

If^  \h  t^e  foregoing  etperiments^  those  sub- 
stfiihccs  which  were  susceptible  of  calcination  had 
constantly  giren.  a  ^osttite  dectricity,  atid  those 
which  do  dot  calcine  had  always  given  the  nega- 
tive, every  thing  would  have  been  explained  by 
thtfse  principles,  and  they  would  thence  have 
acquired  a  greater  degree  of  probability.  But  the 
phetfomena  have  not  dways  fdlowed  this  law;  we 
have  seen  iron  and  copper  sotnetiihes  give  a  ne- 
gative eldctricity,  and  silver  ihe  positive.  The 
first  case  is  not  difficult  to  account  for;  it  is  Well 
known  with  what  facility  irOn  and  copper  Calcine 
in  a  brisk  fife;  they  become  covered  with  a  scaly 
crdst,  which  h  not  sasceptrble  of  any  further  alte- 
ration with  the  sartie  beat.  If  the  bottom  of  the 
crucible  acquires  this  crusty  coating,  the  drop  of 
water  placed  therccym  will  be  no  longer  in  contact 
with  a  calcinable  substance;  there  will  be  no  fur- 
ther decomposih'on,  no  generation  of  the  electric 
fluid:  the  vapours,  however,  which  are  still  formed 
win  absorb  a  part  of  the  fluid  naturally  contained 
in  the  apparatus,  and  this  will  therefore  be  elec- 
trified nfegatively.  If  some  o(  the  scales  should  be 
so  far  detached,  that  the  water  may  gain  some 
points  of  contact,  the  quantity  thus  generated 
may  compensate  for  what  is  sibsorbed  by  the  va- 
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pours,  and  thus  the -electricity  will  be  null:  if 
more  are  detached,  it  will  super-abpund  and  be 
positive.  From  the  same  reatons,  a  large  mass  of 
water,  by  attacking  the  iron  in  a  greater  number 
of  points,  always  gives  positive  electricity;  and 
hence  also^a  strong  positive  electricity  is  obtained, 
by  throwing  a  piece  of  red-hot  iron  into  a  mass  of 
water. 

It  is  not  so  easy  to  explain,  why  silver  gives 
sometimes  a  positive  electricity,  but  by  suppos- 
ing it  to  have  been  mixed  with  some  substances 
capable  of  calcination ;  and  this  the  lyore,  as  the 
white  porcelain  always  gave  negative  electricity. 
This  supposition  was  verified  by  some  subsequent 
experiments,  in  which  the  same  silver,  when  puri- 
fied, always  gave  a  negative  electricity. 

M.  De  Saussure  owns  himself  incapable  of.  ex- 
plaining, why  heated  charcoal  always  gives  nega- 
tive electricity;"  unless  it  can  be  attributed  to  the 
promptitude  with  which  so  rare  ^  substaiv::e  loses 
its  heat  by  the  contact  of  water. 

One  fact  astonished  him,  namely,  that  by  com- 
bustion, properly  so  called,  although  it  is  an  eva- 
poration, nay,  the  highest  degree  of  evaporation, 
he  never  obtained  any  signs  of  electricity;  *  though 
he  tried  to  obtain  it  in  a  variety  of  ways.  Pro- 
bably the  current  produced  by  the  flame  disperses 
and  dissipates  the  electricity  as  soon  as  it  is  formed. 
The  c{ise,  however,  must  not  be  looked  upon  as 
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general,  because  Mr.  ^//^  obtained  signs  of  elec- 
tricity from  bodies  in  combustion  by  means  of  his 
condenser. 

Another  singular  fact  was,  his  not  being  able 
to  obtain  electricity  without  ebullition,  though  he 
endeavoured  to  compensate  by  the  quantity  of 
surface  for  the  quantity  of  vapours  that  was  ele- 
vated by  boiling  water;  and,  ipdeed,  the  same 
quantity  of  water,  if  extended  over  too  large  a 
surface,  will  not  give  any  electricity. 

Notwithstanding  the  uncertainty  the*  experi- 
ments throw  upon  the  system,  it  does  not  at 
present  seem  possible  to  find  another  reason, 
which  so  satisfactorily  accounts  for  the  positive 
electricity  which  reigns  in  the  air.  The  prodi- 
gious quantity  of  this  fluid,  which  continually 
descends  from  the  upper  part  of  the  atmosphere, 
filtrating  through  the  air'to  penetrate  the  interior 
parts  of  the  earth,  must  necessarily  be  brought 
back  again  by  some  means;  for,  otherwise,  the 
air  would  be  exhausted  of  its  fluid,  or  the  earth 
wQuld  be  saturated.  The  perpetual  circulation  of 
this  fluid,  which  is  carried  on  by  means  of  va- 
pours, is  a  striking  circumstance;  it  rises  invisible 
and  inactive,  concealed  in'  their  bolsom,  but  dis- 
playing  afterwards  its  energy.  When  the  vapours 
have  changed  their  form,  it  descends  active,  anir 
mated  with  a  penetrating  and  expansive  force; 
tops  of  trees,  the  points  of  leaves,  the  beards  of 
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differttkt  grdijs,  attract  tnd  forte  it.  M  pa.^ 
through  the  veg^etabies,  of  which  it  becomes, 
perhaps,  when  decomposed,  the  most  active  and 
savoury  part.  This  also  may  be  one  df  the  rca- 
scfns,  why  exercise  in  the  opeti  air  is  much  matt 
conducive  to  health  than  that  which  is  taken  itk 
covered  or  close  places »  for  it  seems  ctridecrt, 
that  the  soft  and  gentle  electrization,  which  every 
One  must  partake  of  in  the  open  air,  must  haveab 
influence  updn  our  organs,  on  the  circulation  of 
the  blood,  the  secretion  of  the  humours^  and 
insensible  transph-atioit. 

In  further  pursuing  this  Subject,  we  must  con- 
sider, that  vapour  sometimes  acts  as  the  producing 
cause  of  aerial  electricity ;  at  other  times,  as  a 
conductor  of  this  same  fluid;  and  somctrnnes^  botk 
together.  Towards  the  end  of  the  night  the  elec- 
tricity of  the  air  is  very  weak,  either  because  there 
is  no  evaporation,  or  because  the  humidity  of  the 
preceding  evening  atid  that  of  the  fore'  part  of  the 
,  night  have  transmitted  to  the  earth  the  electriciiy 
that  was  accumulated  in  the  air:  but,  as  soon  as 
the  sun  warms  the  earth,  and  in  proportion  as  he 
rises  above  the  horizon,  the  aerial  electricity  aug- 
ments; because  the  vapours  which  then  rise  carry 
this  fluid  into  the  air.  But,  when  the  sUn  has 
attained  the  meridian^  the  heat  increases  in  a 
greater  proportion  than  the  evaporation,  the  an* 
becomes  dry^  and  hardly  transmits  the  fluid  which 
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IS  acctfmiilated  in  the  upper  part  of  the  itmos- 
pfccre;  the  electrometer,  therefore,  exhibits  lesi 
signs  of  electricity,  though  it  is  still  ^cumulating 
^  m  the  upper  part  of  the  atmosphere.  Lastly, 
when  the  sun  is  near  setting,  the  air  grows  cool, 
becomes  humid^  and  transmits  more  abundantly 
to  the  earth  the  electric  fluid  that  waar  accumu- 
lated in  the  higher  region^;  the  electrometer, 
therefore,  rises  again  with  the  dew,  till  two  of 
three  hours  after  sun- set,  when  the  air  is  ex- 
hausted, and  the  electricity  again  diminishes  till 
the  next  day. 

In  summer,  the  electricity  of  a  serene  atmx>s- 
pherc  is  much  weaker  than  in  winter,  and  that 
because  the  air  is  then  warm  and  dry  to  a  greater 
height,  and  therefore  resists  more  powerfully  the 
transmission  of  this  fluid,  that  is  accumulated  iff 
the  higher  regions  of  the  atmosfphere.  This  inter- 
rupted accumulation  accomits  at  the  same  time 
very  naturally  for  the  violence  and  frequency  of 
sfronns  at^this  Reason.  But  the  increase  of  elec- 
tricity, from  the  heat  of  the  sun  in  the  dry  and  hot 
days  of  summer,  from  its  rising  till  four  or  fitie  in 
the  afternoon,  is  not  so  easily  accounted  for.  It 
is  not  improbable,  that  the  dry  exiialations  from 
the  earth,  which  are  occasioned  by  the  heat,  may 
produce  this  augmentajtion  of  electricity^  and  fa- 
vour the  descent  thereof  from  the  upper  part  of 
the  atmosphere.    It  appears  however  in  general, 
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both  in  winter  and  summer,  that  when  the  air  is 
perfectly  transparent,  the  aerial  electricity  always 
diminishes  in  the  hottest  part  of  the  day.  It  is 
known,  that  the  air  is  generally  most  transparent 
and  disengaged  from  vapours  in  tlic  serene  wea- 
ther that  follows  great  or  heavy  rains.  M.  De 
Satissure  desires  that  this  system  may  be  only 
looked  upon  as  so  many  conjectures,  proposed 
with  a  view  to  animate  other  philo^phers  to  the 
observation  of  these  phenomena,  and  the  investi- 
gation of  their  cause.  ' 

The  author  refers  also  to  his  "  Essais  sur  THy- 
gromctrie"  for  the  proofs.  That  the  electric  fluid 
is  only  necessary  to  form  or  suspend  the  gross 
vesicular  vapours.  Those  which  are  dissolved,  or 
are  elastic,  support  themselves  by  the  expansive 
force  which  they  acquire  from  the  element  of  fire 
.cx)mbined  with  them,  without  the  assistance  of  any 
other  agent.  And  these  gross  vapours,  which 
require  the  electric  fluid  for  their  formation,  part 
with  it,  if  they  are  resolved  into  water  or  into  an 
elastic  fluid.  Thus  the  gross  vapours  that  are 
formed  in  the  morning  of  a  fine  day,  and  which 
disturb  a  little  the  transparency  of  the  inferior 
strata  of  air,  carry  this  fluid  with  them,  but  part 
with  it  when  they  come  into  a  more  pure  and  dry 
air,  where  they  are  dissolved,  taking  the  form  of 
an  elastic  fluid. 
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This  explains  the  diminution  of  the  aerial  elec^ 
tricity,  where  clouds  are  forming  in  an  atmos- 
phere that  was  serene;  for  the  electric  fluids  which 
was  disseminated  in  the  air,  combines  with  the 
vapours  when  they  take  the  vesicular  form;  the 
strata  or  striated  appearance  that  is  then  s6en 
among  the  clouds,  which  is  one  of  the  most  sure 
indications  of  rain,  seems  to  pronounce  the  pre- 
sence of  the  electric  fluid,  endeavouring  to  restore 
an  equilibrium,  and  replace  that  which  has  been 
employed  i»  the  formation  of  the  vesicles  of 
which  the  clouds  consist.  Many  experiments 
shew,  that  this  fluid,  condensed  by  art,  disposes 
in  parallel  and  converging  lines,  like  the  clouds, 
those  particles  of  dust  through  which  it  is  made  to 
pass;  while,  on  the  other  hand,  the  increase  of 
aerial  electricity,  which  is  observed  when  the  air 
is  getting  clear  and  serene  after  rain,  arises  from 
this  fluid,  which  the  vesicular  vapours  part  with 
wlfen  dissolved  in  air. 


OBSERVATIONS  AND  EXPERIMENTS  MADE  BY 
DR.  PRIESTLEY,  ON  THE  EFFECTS  OP  ELEC- 
TRICITY  ON   DIFFERENT  ELASTIC  FLUIDS. 


•9 

Experiment  cckxxix.  To  change  the  blue 
colour  of  liquors  tinged  with  vegetable  juices  red. 
The  apparatus  for  this  purpose  is  seen  in  fig.  94. 
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A  B  13  a  glasB  tubci  about  four  or  five  inches  long 
and  ooe  or  two  tenths  of  an  inch  diameter  in  the 
inside;  a  piece  of  wire  is  put  into  one  aid  of  the 
tube,  and  fixed  there  with  cement;  a  brass  ball  is 
placed  on  the  top  of  this  wire;  the  lower  part  of 
the  tube  from  a  is  to  be  filled  with  water  tinged 
blue  with  a  piece  of  turnsole  or  archaL  This  is 
easily  effected,  by  setting  the  tube  in  a  vessel  of 
the  tinged  vU&t^r,  then  placing  it  under  a  receiver 
on  the  plate  of  the  air-pump ;  exhaust  the  receiver 
in  part^  and  then,  on  letting  in  the  air,  the  tinged 
liquor  will  rise  in  the  tube,  and  the  elevation  will 
be  in  proportion  to  the  accuracy  of  the  vacuum; 
now  take  the  tube  and  vessel  from  under  the  re* 
ceiver^  and  throw  strong  sparks  on  the  brass  ball 
from  the  prime  conductor. 

When  Dr.  Priestley  made  this  experiment,  he 
perceived,  that  after  the  electric  spark  had  been 
taken,  between  the  wire,  i,  and  the  liquor  at  a, 
about  a  minute,  the  upper  part  of  it  began  to  look 
red;  in  two  minutes  it  was  manifestly  so,  and  the 
red  part  did  not  readily  mix  with  the  liquor.  If 
the  tube  was  inclined  when  the  sparks  were  taken, 
the  redness  extended  twice  as  far  on  the  lower 
side  as  on  the  upper.  In  proportion  as  the  liquor 
became  red,  it  advanced  nearer  to  the  wire^  so 
that  the  air  in  which  the  sparks  were  taken  was 
diminished;  the  diameter  aoiounted  to  about  one*- 
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fifth  of  the  whple  space}  after  wbicb^  a  conti** 
nuance  of  the  electrification  produced  no  sensible 
effect. 

To  determine,  whether  thp  c^use  of  the  change 
of  colour  was  in  the  air,  or  in  the  electric  matter. 
Dr.  Priestley  expanded  the  air  in  the  tube,  by 
means  of  an  ^ir^pump,  till  it  expelled  all^the  li- 
quor, and  admitted  fresh  blue  liquor  in  its  place; 
but,  after  this,  electricity  produced  na  sensible 
eflfect  on  the  airjor  on  the  liquor:  so  that  it  was 
clear,  that  the  electric  matter  had  decomposed  the 
air,  and  made  it  deposit  Bomething  of  an  acid 
nature.  The  result  was  the  same  with  wires  of 
different  metals.  It  was  also  the  same  when,  by 
means  of  a  bent  tube,  the  spark  was  made  topasa 
from  the  liquor  in  one  leg,  to  the  liquor  in  the 
other.  The  air  thus  diminished  was  in  the  highest 
degree  noxious. 

In  passing  the  electric  ^rk  through  different 
elastic  fluids,  it  appears  of  different  colours:  iti 
ti&ed  air,  the  spark  is  very  white;  in  inflammable 
and  alkaline  air,  it  appears  of  a  purple  or  red 
colour.  From  hence  we  may  infer,  that  the  con-> 
ducting  power  of  these  airs  is  different,  and  that 
^ed  air  is  a  more  perfect  non-conductor  thaa 
inflammable  air. 

The  spark  was  not  visible  in  air  froRi  a  caustic 
alkali,  made  by  Mr.  Laney  nor  in  air  from  qpirit  of 
salt;  so  that  they  seem  to  be  more  perfect  coa* 
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due  tors  of  electricity  than  water,  or  other  flaid 
substances* 

Ther  electric  spark, 'taken  in  any  kind  of  oil, 
produces  inflammable  air.  Dr.  Priestley  tried  it 
u'ith  ether,  oil  of  olives,  oil  of  turpentine,  and 
essential  oil  of  mint,  taking  the  electric  spark  in 
them  without  any  air  to  begin  with;  inflammable 
air  was  produced  in  them  all. 

Dr.  Pmsiley  found,  that  on  taking  a-  small 
electric  explosion  for  an  hour  in  the  space  of  an 
inch  of  fixed  air,  confined  in  a  glass  tube  one- 
tenth  of  an  inch  diameter,  when  water  was  admit- 
ted to  it,  only  one-fourth  of  the  air  was  imbibed. 
Probably  the  whole  would  have  been  rendered 
immiscible  in  water,  if  the  electrical  operation 
had  been  continued  a  sufiicient  time. 

The  electric  spark,  when  taken  in  alkaline  air, 
appears  of  a  red  colour;  the  electric  explosions, 
which  pass  through  this  air,  increase  its  bulk;  so 
that,  by  making  about  200  explosions  in  a  quan- 
tity of  it,  the  original  quantity  will  be  sometimes 
increased  one-fourth.  If  water  is^admitted  to  this 
air/  it  will  absorb  the  original  quantity,  and  leave 
about  a$  much  elastic  fluid  as  was  generated  by 
the  electricity,  and  this  elastic  fluid  is  a  strong 
inflammable  air. 

Dr.  Priestley  found,  when  the  electric  spark  was 
taken  in  vitriolic  acid  aiK,  that  the  inside  of  -the 
tube  jn  vvhich  it  was  confined  was  covered  with  a 
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Iblacklsh  substance.  -He  seems  to  think*,  that  tht 
\vhole  of  the  vitriolic  acid  air  is  convertible  into 
this  black  matter,  not  by  jnearis  of  any  union 
which  it  forms  with  the  electric  fluid,  but  in  con- 
sequence of  the  concussion  given  to  it  by  the 
explosion;  and  that,  if  it  be  the  calx  of  the  metal 
which  supplied  the  phlogiston,  it  is  not  to  be 
distinguished  from  what  metal,  or  indeed  from 
what  substance  of  any  kind,  the  ;air  had  been 
extracted.     ^ 

Dr.  Priestley  made  150  explosions  of  a  common 
jar  in  about  a  quarter  of  an  ounce  measure  of 
vitriolic  acid  air  from  copper;  by  which  the  bulk 
was  diminished  about  one-third,  and  the  remain- 
der seemingly  not  changed,  being  all  absorbed  by 
water.  In  the  course  of  this  process,  the  air  was 
carefully  transferred  three  times  from  one  vessel 
to  another;  and  the  last  vessel,  in  which  the 
explosions  were  made,  was  to  all  appearance  as 
black  as  the  first;  so  that  the  air  seems  to  be  all 
convertible  into  this  black  substance. 

Thinking  this  diminution  of  the  vitriolic  aciiF 
air  might  arise  from  its  absorption  by  the  cement, 
with  which  the  glass  tubes  employed  in  the  last 
ex{>eriment  were  closed,  he  repeated  it  wirfi  the 
air  from  quicksilver  in  a  glass  syphon  confined  by 
quick»<ilver,  and  the  result  was  the  samej 

That  this  matter  comes  from  the  vitriolic  acid 
air  only,  and  not  from  any  Combination  of  the 
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electric  matter  with  it,  will  appear  from  the  fol- 
lowing e^^periment. 

He  took  the  simple  electric  spark  from  a  con- 
ductor of  a  moderate  size,  for  the  space  of  five 
minutes  without  interruption,  in  a  quantity  of  vi- 
triolic acid  air,  without  producing  any  change  in 
the  inside  of  the  glass;  when,  immediately  after, 
making  in  it  only  two  explosions  of  a  common  jar, 
each  of  which  might  be  produced  in  less  than  a 
quarter  of  a  minute  with  the  same  machine  in  the 
same  state,  the  whole  of  the  inside  of  the  tube 
was  completely  covered  with  the  black  matter. 
Now,  had  the  electric  matter  formed  any  union 
with  the  air,  and  this  black  matter  bad  been  the 
result  of  that  combination,  all  the  difference  that 
would  have  risen  from  the  simple  spark,  or  the 
explosion,  could  only  have  been  a  more  gradual 
or  a  more  sudden  formation  of  that  matter. 

A  large  phial,  about  an  inch  and  an  half  wide, 
being  filled  with  this  air,  the  explosion  of  a  very 
large  jar,  containing  more  than  two  feet  of  coated 
surface,  had  no  effect  upon  it;  from  which  it 
should  seem,  that  in  these  cases  the  force  of  the 
shock  was  not  able  to  give  the  quantity  of  air  such 
a  concussion  as  was  necessary  to  decompose  any 
part  of  it. 

He  had  generally  made  use  of  copper,  but  af- 
terwards he  procured  this  air  from  almost  every 
substance  from  which  it  could  be  obtained;  the 
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electric  explosion  taken  in  it  produced  the  same 
effect.  But,  as  some  of  the  experiments  were 
attended  with  peculiar  circumstances,  he  briefly 
mentions  them  as  follows. 

When  he  endeavoured  to  get  vitriolic  acid  air 
from  le^d,  putting  a  quantity  of  leaden  shot  into 
a  phial  containing  oil  of  vitriol,  and  applying  only 
the  usual  degree  of  heat,  a  considerable  quantity 
of  heat  was  produced;  but  afterwards,  though  the 
heat  was  increased  till  the  acid  boiled,  no  more 
air  could  be  got.  He  imagined  therefore,  that  in 
this  case  the  phlogiston  had,  in  fact,  been  supplied 
by  something  that  had  adhered  to  the  shot.  How- 
ever, in  the  air  so  produced,  he  took  the  electric 
explosion ;- and^  in  the  first  quantity  he  tried,  a 
whitish  matter  was  produced,  almost  covering  the 
inside  of  the  tube;  but,  in  the  succeeding  experi- 
ments, with  air  produced  from  the  same  shot,  or 
something  adhering  to  it,  there  was  less  of  the 
whitish  matter;  and  at  last,  nothing  but  black 
matter  was  produced,  as  in  all  the  other  experi-^ 
ments.  Water  being  admitted  to  this  air,  there 
remained  a  (Considerable  residuum^  which  wa» 
very  slightly  inflammable. 

Vitriolic  acid  air  is  easily  procured  from  spirit 
of  wine,  the  mixture  becoming  black  before  syiy 
air  is  yielded.  The  electric  explosion  taken  i« 
thsfi  air  also  produced  the  black  matter. 

G  g  a 
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The  experiments  made  with  ether  seem  to  throw 
most  light  upon  this  subject^  as  this  air  is  as  easily 
procured  from  ether  as  any  other  substance  con- 
taining phlogiston.  In  the  air  procured  by  ether, 
the  electric  explosion  tinged  the  glass  very  black, 
more  so  than  in  any  other  experiment  of  the  kind; 
and,  when  water  had  absorbed  what  it  could  of 
this  air,  there  was  a  residuum  in  which  a  candle 
burned  with  a  lambent  blue  flame.  But  what  was 
most  remarkable  in  this  experiment  was,  that  be- 
sides the  oil  of  vitriol  becoming  very  black  during 
the  process,  a  black  substance  and  of  a  thick  con- 
sistence was  formed,  which  swam  on  the  surface 
of  the  acid. 

It  is  very  possible,  that  the  analysis  of  this  sub- 
stance may  be  a  means  of  throwing  light  upon  the 
nature  of  the  black  matter  formed  by  electric  ex- 
plosions in  vitriolic  acid  air,  as  they  seem  to  resem- 
ble one  another  very  much. 

The  electric  spark  or  explosion  taken  in  com- 
mon air,  confined  by  quicksilver  in  a  glass  tube, 
covers  the  inside  of  the  tube  with  a  black  matter, 
which,  when  heated,  appears^L;^  be  pure  quick- 
^  silver.  This,  therefore,  may  be  the  case  with  the 
black  matter  into  which  he  supposed  the  vitriolic 
acid  air  to  be  converted  by  the  same  process, 
though  tlie  effect  was  much  more  remarkable 
than  in  the  common  air.      The  explosion  will 
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9&en  produce  the  diminution  of  common  air  in 
half  the  time  that  simple  sparks  will  do  it,  the 
machine  giving  the  same  quantity  of  fire  in  the 
same  time: /also  the  blackness  of  the  tube  is  much 
sooner  produced  by  the  shocks  than  by  the  sparks. 
Wheij  the  tube  considerably  exceeds  three-tenths 
of  aa  inch  in  dianactcr,  it  will  sometimes  become 
very  black,  without  there  being  any  sensible  dimi- 
tiutioQ  of  the  quantity  of  air. 


EXPERIMENTS    ON    AIR,    BY    HENRY 
CAVENDISH,    fiSQ. 

The  apparatus  used  in  making  the  experiments 
was  as  follows.  The  air,  through  which  the  spark 
was  intended  to  be  passed,  was  confined  in  a  glass 
tube  bent  to  an  angle,  plate  l^fig.  23,  which,  after 
being  filled  with  quicksilver,  was  inverted  into  two 
glasses  of  the  same  fluid ;  the  air  to  be  tried  was  then 
introduced  by  mpans  of  a  small  tube,  such  as  is 
used  for  thermometers,  bent  in  the  manner  reprcr 
seated  by  AB  C,  fig.  l6;  the  bpnt  end  of  whith. 
after  being  previously  filled  with  quicksilver,  was 
iotroduced,  as  in  the  figure,  under  the  gl^ss  P  E  F, 
inverted  into  water,  and  filled  witlj  the  proper 
kind  of  air,  the  end,  C,  of  the  tuabe  being  kept 
stopped  by  the  finger;  then,  on  removing  the 
finger  from  C,  the  quicksilver  in  the  tube  des- 
cpnded  in  the  leg  B  C,  and  its  place  was  supplie4 
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with  air  from  the  glass,  D  E  F.  Having  thus  gol 
the  proper  quantity  of  air  into  the  tuhe,  ABC,  it 
was  held  with  the  end,  C,  uppermost,  and  stopped 
with  the  finger;  and  the  end,  A,  made  smaller  for 
that  purpose,,  being  introduced  into  one  end  of 
the  fore-mentioned  bent  tube,  the  air,  on  remov- 
ing the  finger  from  C,  was  forced  into  that  tube 
by  the  pressure  of  the  quicksilver  in  the  leg,  B  C. 
By  these  means  he  was  enabled  to  introduce  the 
exact  quantity  he  pieced  of  any  kind  of  air  into  the 
tube,  M,fg'  28 ;  and  by  the  same  means,  could  let 
up  any  quantity  of  ^ap-lees,  or  any  other  liquor, 
which  he  wanted  to  be  ir\  contact  with  the  air. 

In  one  case,  however,  in  which  he  wanted  to 
introduce  air  into  the  tube  many  times  in  the 
same  experiment,  'he  used  the  apparatus  repre- 
sented in  ^late  \,Jtg-\7,  consisting  of  a  tube,  A  B, 
of  small  bore;  a  ball,  C;  and  a  tube,  DE,  of  a 
larger  bore.  This  apparatus  was  first  filled  with 
quicksilver,  and  then  the  ball,  C,  and  the  tube, 
AB,  were  filled  with  air,  by  introducing  the 
end.  A,  under  a  glass  inverted  into  water,  which 
contained  the  proper  kmd  of  air,  and  drawing  out 
the  quicksilver  from  the  leg,  ED,  by  a  syphon, 
After  being  thus  furnished  with  air,  the  apparatus 
was  weighed,  and  the  end.  A,  introduced  into  one 
end  of  the  tube,  M,  and  kept  there  during  the 
experiment;  the  way  of  forcing  air  out  of  this 
apparatus  into  the  tube,  being  by  thrusting  dowq 
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the  tahty  E  D,  a  wooden  cylinder^  of  such  a  size 
as  almost  to  jBIl  up  the  whole  bore^  and  by  occa-* 
sionally  pouring  quicksilver  into  the  same  tube, 
to  supply  the  place  of  that  pushed  into  the  ball,  C. 
After  the  experiment  was  finished,  the  appara^tus 
was  weighed  again,  which  shewed  exactly  how 
much  air  had  been  forced  into  the  tube,  M,  during 
the  whole  experiment,  it  being  equal  in  bulk  to  a 
quantity  of  quicksilver  whose  weight  was  equal  to 
the  increase  of  weight  of /he  apparatus. 

The  bore  of  the  tube,  M,^^.  23,  used  in  most  of 
the  following  experiments,  was  about  one-tenth  of 
an  inch;  and  the  length  of  the  column  of  air,  oc- 
cupying the  upper  part lof  the  tube,  was  in  general 
from  one  inch  and  an  half  to  three  quarters  of  an 
inch. 

It  is  scarcely  necessary  to  inform  any  one  used 
to  electrical  experiments,  that,  in  order  to  force 
an  electrical  spark  through  the  tube,  it  was  neces- 
sary, not  to  make  a  communication  between  the 
tube  and  the  conductor,  but  to  place  an  insulated 
ba  at  such  a  distance  from  the  conductor  as  to 
receive  a  spark  from  it,  and  to  make  a  communi- 
cation between  that  ball  and  the  quicksilver  in 
one  of  the  glasses,  while  the  quicksilver  in  the 
other  glass  communicated  with  the  ground. 

When  the  electric  spark  was  made  to  pass 
through  common  air,  included  between  short  co- 
lumns of  a  solution  of  litmus,  the  solution  ac- 
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quired  a  red  colour^  and  the  air  was  diminished 
conformably  to  what  was  discovered  by  Dr.  Priesir 
ley.  When  lime-water  was  used  instead  of  the 
solution  of  litmus,  and  the  spark  was  continued 
till  the  air  could  be  no  further  dimihished,  not 
the  least  cloud  could  be  perceived  in  the  lime-- 
water; but  the  air  was  reduced  to  two-thirds  of  its 
original  bulk^  which  is  a  greater  diminution  than 
it  could  have  suffered  by  mere  phlogistication^ 
as  that  is  very  littje  mqre  than  one-fifth  of  the 
whole. 

The  experiment  was  next  repeated  with  some 
impure  dcphlogisticated  air.  The  air  was  veiy 
much  diminished,  but  without  the  least  cloud 
being  produced  in  the  lime-water;  neither  was 
any  cloud  produced  when  fixed  air  was  let  up  to 
it;  but,  on  the  further  addition  of  a  little  caustic 
volatile  alkali,  a  brown  sediment  was  immediately 
perceived. 

Hence  we  may  conclude,  that  the  lime-water 
was  saturated  by  some  acid  formed  during  the 
operation;  as  in  this  case  it  is  evident,  that  no 
earth  could  be  precipitated  by  the  fixed  air  alone, 
but  that  caustic  volatile  alkali,  on  being  added, 
woufd  absorb  the  fixed  air,  and  thus  becoming 
mild,  would  immediately  precipitate  the  earth; 
whereas,  if  the  earth  in  the  limc-w^tcr  haH  not 
been  saturated  with  an  acid,  it  would  have  been 
precipitated  by  the  fixed  air.     As  to  the  brown 
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colour  of  the  sediment,  it  most  likely  proceeded 
from  some  of  the  quicksilver  having  been  disr 
solved. 

It  must  be  observed,  that  if  any  fixed  air,  as 
M'ell  as  acid  liad  been  generated  in  these  two  ex* 
periments  with  the  lime-water,  a  cloud  must  have 
been  at  first  perceived  in  it,  though  that  cloud 
would  afterwards  disappear,  by  the  earth  being 
re-dissolved  by  the  acid;  for,  till  the  acid  pro- 
duced was  sufficient  to  dissolve  the  whole  of  the 
earth,  some  of  the  remainder  would  be  precipi- 
tated by  the  fixed  air;  so  that  we  may  safely 
conclude,  that  no  fixed  air  wds  generated  in  the 
'Operation, 

When  the  air  is  confined  by  soap-lees,  the  di- 
minution proceeds  rather  faster  than  when  it  is 
xjonfined  by  lime-water;  for  which  reason,  as  well 
as  on  account  of  their  containing  so  much  more 
alkaline  matter  in  proportion  to  their  bulk,  soap- 
lees  seemed  better  adapted  for  experiments  de- 
signed to  investigate  the  nature  of  this  acid,  than 
lime-water.  Accordingly  some  experiments  were 
made,  to  determine  what  degree  of  purity  the  air 
should  be  of,  in  order  to  be  diminished  most 
readily  and  to  the  greatest  degree;  and  it  was 
found,  that  when  good  dephlogisticated  air  was 
used,  the  diminution  was  but  small;  when  per- 
fectly phlogisticated  air  was   used,    no  sensible 
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diminution  took  [dace;  but^  when  five  parts  of 
pure  dephlogtsticated  air  were  mixed  with  three 
parts  of  common  air^  almost  the  whole  of  the  air 
was  made  to  disappear.  It  must  be  considered^ 
that  common  air  consists  of  one  part  of  dephlo- 
gisticated  air  mix^d  with  four  of  phlogisticated; 
ao  that  a  mixture  of  five  parts  of  pure  depUogisti- 
cated  air  and  three  of  common  air,  is  the  same 
thing  as  a  mixture  of  seven  parts  of  dephlogisd- 
cated  air  with  three  of  phlc^sticated. 

Having  made  these  previous  trials,  introduce 
into  the  tube  a  little  soap-lees,  and  then  let  up 
some  dephlogisticated  and  common  air,  mixed  in 
the  above-mentioned  proportions,  which  rising  to 
the  top  of  the  tube,  M,  divided  the  soap-lees  into 
its  two  legs,  as  fast  as  the  air  was  diminished  by 
the  electric  spark;  continue  adding  more  of  the 
same  kind,  till  no  further  diminution  takes  place: 
after  which,  a  little  pure  dephlogisticated  air,  and 
after  that  a  little  common  air,  were  added,  in 
order  to  see  whether  the  cessation  of  diminution 
was  not  owing  to  some  imperfection  in  the  pro- 
portion of  the  two  kinds  of  air  to  each  other;  but 
without  effect.  The  soap-lees  being  then  poured 
out  of  the  tube,  and  separated  from  the  quick- 
silver, seemed  to  be  perfectly  naturalized,  as  they 
did  not  at  all  discolour  paper  tinged  with  the  juice 
of  blue  flowers.     Being  evaporated  to  dryness. 
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they  left  a  small  quantity  of  salt,  which  was  evi- 
dently nitre,  as  appeared  by  the  manner  in  which 
paper  impregnated  with  a  solution  of  it  burned. 

For  more  satisfaction,  he  tried  this  experi- 
ment over  again,  on  a  larger  sc^le.  About  five 
times  the  former  quantity  of  soap*lees  were  now 
let  up  into  a  tube  of  a  larger  bore;  and  a  mixture 
of  dephlogisticated  and  common  air,  in  the  same 
proportions  as  before,  being  introduced  by  the 
apparatus  represented  in  fig.  p^  the  spark  was 
continued  till  no  more  air  could  be  made  to  dis* 
appear.  The  liquor,  when  poured  out  of  the 
tube,  smelled  evidently  of  phlogisticated  nitrous 
acid.  This  salt  was  found,  by  the  manner  iti 
which  paper  dipped  into  a  solution  of  it  burned^ 
to  be  true  nitre.  It  appeared  by  the  test  of  terra 
ponderosa  salita,  to  contain  not  more  vitriolic 
acid  than  the  soap-lees  themselves  contained, 
which  was  excessively  little;  and  there  is  no  rea- 
son to  think  that  any  other  acid  entered  into  it, 
except  the  nitrous. 

A  circumstance  however  occurred,  which  at 
first  seemed  to  shew  that  this  salt  contained  some 
marine  acid;  namely,  an  evident  precipitation 
took  place,  when  a  solution  of  silver  was  added  to 
some  of  it  dissolved  in  water;  though  the  soap^* 
Ices  used  in  its  formation  were  perfectly  free  from 
piarine  acid,  and  though,  to  prevent  all  danger  rf 
any  precipitate  beitig  formed  by  an  excess  of  alkali 
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in  it^  some  purified  nitrous  acid  bad  been  added 
to  it^  previous  to  the  addition  of  the  soludon  of 
silver*  On  consideration^  however,  he  suspected, 
that  this  precipitation  might  arise  from  the  ni- 
trous acid  in  it  being  phlogisticated ;  and  there- 
fore tried,  'whether  nitre  much  phlogisticated 
Would  precipitate  silver  from  its  solution.  For 
this  purpose,  he  exposed  some  nitre  to  the  fire  in 
an  earthen  retort,  till  it  had  yielded  a  good  deal 
of  dephlogisticated  air;  and  then,  having  dissol- 
ved it  in  water,-  and  added  to  it  some  well  purified 
spirit  of  nitre,  till  it  was  sensibly  acid,  in  order  to 
be  certain  that  the  alkali  did  not  predominate,  he 
dropped  into  it  some  solution  of  silver,  which  im- 
mediately made  a  very  copious  precipitate.  This 
solution,  however,  being  deprived  of  some  of  its 
phlogiston  by  evaporation  to  dryness,  and  expo- 
sure for  a  few  weeks  to  the  air,  lost  the  property 
of  precipitating  silver  from  its  solution ;  a  proof 
that  this  property  depended  only  on  its  phlogisd- 
cation,  and  not  on  its  having  absorbed  sea  salt 
from  the  retort,  or  by  any  other  means. 

Hence  it  is  certain  that  nitre,  when  much 
phlogisticated,  is  capable  of  making  a  precipitate 
with  a  solution  of  silver^  and,  therefore,  there  is 
no  reason  to  think  that  the  precipitate,  which  our 
salt  occasioned  with  a  solution  of  silver,  proceeded 

* 

from  any  other  cause  than  that  of  its  being  phlo- 
gisticated ;  especially  as  it  appeared  by  the  smelly 
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both  on  first  taking  it  out  of  the  tube,  and  on  the 
addition  of  the  spirit  of  nitre  previous  to  dropping 
in  the  solution  of  silver,  that  the  acid  in  it  was 
jmuch  phlogisticated.  The  property  of  phlogisti- 
cated  nitre  is  worth  the  attention  of  chemists;  as 
otherwise  they  may  sometimes  be  led  into  mis- 
takes, in  investigating  the  presence  of  marine  acid 
by  a  solution  of  silver. 

In  a  former  paper  Mr.  Cavendish  has  asserted, 
that  when  nitre  is  detonated  with  charcoal,  the 
acid  is  converted  inio  phlogisticated  air;  that  is, 
into  a  substance  which,  as  far  as  he  could  per- 
ceive, possesses  all  the  properties  of  the  phlogisti- 
cated air  of  our  atmosphere :  from  which  he  con- 
cluded, that  phlogisticated  air  is  nothing  else  than 
nitrous  acid  united  to  phlogiston.  According  to 
this  conclusion,  phlogisticated  air  ought  to  be 
reduced  to  nhrous  acid,  by  being  deprived  of  its 
phlogiston;  but,  as  dephlogisticated  air  is  only 
water  deprived  of  phlogiston,  it  is  plain,  that  add- 
ing dephlogisticated  air  to  a  body  is  equivalent  to 
depriving  it  of  phlogiston  and  adding  water  to  it; 
and  therefore  phlogisticated  air  ought  also  to  be 
reduced  to  nitrous  acid,  by  being  made  to  unite 
to,  or  form  a  chemical  combination  with,  dephlo- 
gisticated air;  only,  the  acid  formed  this  way  will 
be  more  dilute  than  if  the  phlogisticated  air  was 
simply  deprived  of  phlogiston. 
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This  being  premised,  we  may  safely  conclude^ 
that  iQ  the  present  experiments  the  phlogisticated 
air  was  enabled,  by  means  of  the  electrical  spark, 
to  unite  to,  or  form  a  chemical  combination  with, 
the  dcphlogisticated  air,  and  was  thereby  reduced 
to  nitrous  acid,  which  united  to  the  soap-lees  and 
formed  a  solution  of  nitre;  for  in  these  experi- 
ments those  two  airs  actually  disaj^ared,  and 
nitrous  acid  was  actually  formed  in  their  room: 
and  as,  moreover,  it  has  been  just  shewn,  from 
other  circumstances,  that  phlogisticated  air  must 
form  nitrous  acid  when  combined  with  dcphlogis- 
ticated air,  the  above-mentioned  opinion  seems 
to  be  sufficiently  established.  A  further  confir- 
mation of  it  is,  that,  as  far  as  we  can  perceive,  no 
diminution  of  air  is  produced  when  the  electric 
spark  is  passed  either  through  pure  dephlogisti- 
cated  air  or  through  perfectly  phlogisticated  air; 
which  indicates  the  necessity  of  a  combination  of 
'  these  two  airs  to  produce  the  acid.  Moreover,  it 
was  found  in  the  last  experiment,  that  the  quan- 
tity of  nitre  procured  was  the  same  that  the  soap- 
lees  would  have  produced  if  saturated  with  nitrous 
acid ;  which  shews  that  the  production  of  the  ni- 
tre was  not  owing  to  any  decomposition  of  the 
ioap-Ices. 
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To  illustrate  the  process  of  atmospheric  explo- 
sionsj  as  far  as  relates  to  the  influence  of  powerful 
electrical  atmospheres: 

Let  two  slips  of  gold  leaf,  or  rather  white  Dutch 
metal^  be  fastened  to  a  brass  ball  suspended  by  a 
silken  string,  or  other  insulating  substance ;  bring 
the  brass  knob  of  a  charged  jar  towards  the  points 
oi  the  metallic  slips,  till  they  become  charged 
with  electricity,  which  will  cause  them  to  be  re- 
pelled each  way  from  the  knob  of  the  jar,  and 
stand  as  in  plate  1,  fg,  21.  Continue  \o  hold  the 
jar  in  the  same  position  during  a  few  seconds,  and 
one  of  the  slips  will  bend  towards  the  knob  of  the 
jar,  Jig.  21,  and  strike  it  suddenly;  then  it  will 
stand  repelled  till  its  electricity  be  again  dissi- 
pated: in  this  manner  it  will  continue  to  repeat 
the  stroke  as  long  as  a  sufficient  quantity  of  elec- 
tricity remains  in  the  jar,  unless  the  air  be  very 
dry,  and  then  this  experiment  may  fail,  which 
with  me  has  only  happened  twice. 

The  most  common  apparatus  hitherto  used,  has 
chiefly  consisted  of  high,  pointed,  and  insulated 
conducting  roils  or  wires,  extending  from  the 
place  of  observation  to  the  top  of  an  high  building, 
or  steeple,  and  connected  with  an  electrometer; 
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br^  the  small  and  insensible  communications  d 
electricity  have  been  collected  by  means  of  Mr. 
Folia  s  condenser*  But  these  instruments  are 
generally  either  not  sufficiently  sensible,  or  they 
can  only  shew  the  state  of  atmospheric  electricity 
at  intervals;  whence  the  observer  loses  the  oppor- 
tunity of  watching  the  momentary  and  interesting 
change  which  happens  in  several  states  of  the 
atmosphere,  especially  during  the  passage  of  a 
thunder  cloud. 

It  has  been  found,  that  the  flame  of  a  candle 
was  very  useful  in  rendering  the  atmospheric 
electricity  sensible,  when  it  could  not  be  perceived 
by  means  of  points;  this  it  probably  does,  because  ' 
the  effluvium  of  a  caudle,  which  is  of  a^ronduct- 
ing  nature,  becomes  combineJ  with  air,  so  as  to 
form  a  very  complete  union;  and,  as  the  rarefied 
air  so  combined  with  phlogistic  effluvium  rises 
upwjirds,  it  is.  continually  succeeded  by  a  fresh 
quantity;  and  hence  the  apparatus  has  the  oppor- 
tunity of  absorbing  electricity  much  more  copi- 
ously than  the  sharpest  points*  Considering  this 
advantage,  Mr.  Bennet  provided  a  deal  rod  about 
ten  feet  long,  see  plaie  J ,  Jig.  1 8,  and,  after  the 
smaller  end  was  well  dried,  it  was  fastened  into  a 
long  tinned  iron  funnel  with  cement,  so  that  the 
funnel  did  no  where  come  within  half  an  inch  of 
the  end  of  the  rod;  by  this  means  it  is  kept  dry, 
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and  the  funnel  is  not  so  liable  to  be  accidentallj 
broken  off,  as  if  it  was  insulated  by  meaiis  of 
glass.  At  the  small  end  of  the  funnel  is  sus** 
pended  the  ring  of  a  chain^  which  supports  a  small 
lantern  containing  a  lighted  candle:  to  the  lower 
and  broad  edge  of  the  funnd  a  softened  brass  wire 
is  fastened,  which  is  about  the  length  of  the  whole 
rod ;  and  the  lower  end  is  hooked  to  a  small  ring 
neao:  the  thick  end  of  the  rod,  that  the  wire  may 
not  be  liable  to  accidents  when  the  instrument  is 
taken  down.  When  this  apparatus  is  used,  a 
window  is  opened  in  the  highest  room  of  the 
house,  and  the  rod  is  placed  upon  one  strong 
nail,  and  under  another,  pn  one  side  of  the  case- 
ment, so  that  the  lantern  is  elevated  about  50 
degrees.  Near  the  place  to  which  the  rod  is  fas- 
tened is  a  hole  in  the  window-frame,  of  sufficient 
width  to  receive  a  tube  of  glass  covered  with 
sealing-wax,  on  the  end  of  which  is  a  bent  wire: 
*  the  hook  lof  the  brass  wire  is  then  taken  from  the 
ring,  and  hooked  upon  this  insulated  bent  wire^ 
which  stands  at  a  proper  height  to  be 'connected 
with  the  cap  of  a  gold  leaf  electrometer,  standing 
upon  a  board  under  the  wire;  and,  that  the  brass 
wire  may  not  be;  too  much  ^agitated  by  the  wind, 
a  ball  of  lead  is  hung  upon  it.  In  this  situationy 
it  is  plain  that  the  atmospheric  electricity  .col- 
lected by  the  candle  will  come  down  the  brasar 
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wire^  and  be  communicated  to  the  cap  of  the 
electrometer,  or  to  any  other  instrument.  But, 
as  it  very  seldom  happens  that  the  gold  leaf  does 
not  diverge  when  this  apparatus  is  elevated,  there 
is  little  occasion  to  make  use  of  a  condenser  or 
doubler,  or  even  of  a  candle,  when  there  are  large 
clouds  passing  over,  or  rain  falling. 
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ON  MEDICAL  ELECTRtCITY. 

The  Abbe  Nollet  says,  that  he  received  more 
pleasure  when  he  discovered  that  the  motion  of 
fluids  in  capillary  tubes  and  the  insensible  trans- 
piration of  animated  bodies  were  augmented  by 
electricity,  than  by  any  other  discovery  he  had 
made^  because  they  seemed  to  promise  such 
abundant  advantages  to  mankind,  v^hen  properly 
applied  by  a  skilful  hand.  But,  how  much  would 
this  pleasure  have  been  augmented,  if  he  had 
lived  to  see  his  hopes  realized,  and  this  bi^nch  of 
electricity  obtain  the  same  medical  certainty  as 
the  bark  in  intermittcnts  ? 

It  is  true,  that  like  every  other  simple  medicine 
which  has  proved  beneficial  to  mankind,  electri- 
city met  with  much  opposition  from  the  interested 
views  of  some  and  the  ignorance  of  others,  has 
been  treated  with  contempt,  and  injured  by  mis- 
placed caution.  I  shall  recommend  to  those  who 
thus  oppose  it,  not  to  condemn  a  subject  of  which 
they  are  ignorant,  but  to  hear  the  cause  before 
they  pass  sentence;  to  take  some  pains  to  under- 
stand the  nature  of  electricity;  to  learn  to  make 
the  electrical  machine  act  well,  and  then  apply  it 

H  h  a 


484  ON  MEDICAL  ELECTHICITT. 

for  a  few  weeks  to  some  of  those  disorders  in 
which  it  has  been  administered  with  the  greatest 
supcess;  and  there  is  no  doubt  but  they  would 
soon  be  convinced,  that  it  deserves  a  distinguished 
rank  in  medicine,  which  is  the  oflfepring  of  philo- 
sophy. 

The  science  of  medicine  and  its  practitioners 
have  been  reproached  with  the  instability  and 
fluctuations  of  practice;  at  one  time  cold  as  the 
ice  at  2k;mbla,  at  another  hot  as  the  Torrid  Zone; 
that  they  are  led  by  fashion,  and  influenced  by 
prejudice.  On  this  ground  it  has  been  predicted, 
that,  however  great  the  benefits  which  may  be 
derived  from  electricity,  it  would  sUil  only  last 
for  the  day  of  fashion,  and  then  be  consigned  to 
oblivion.  I  must  confess,  that  I  cannot  be  of  this 
opinion,  nor  easily  led  to  think  a  set  of  men,  whose 
judgment  has  been 'matured  by  learning  and  ex- 
perience, will  ever  neglect  an  agent  which  pro- 
bably forms  a  most  important  part  of  our  consti- 
tution. Electricity  is  an  active  principle,  which 
is  neither  generated  nor  destroyed;  which  is  every 
where,  and  always  present,  though  latent  and 
unobserved;  and  is  in  motion  night  and  day  to 
maintain  an  equilibrium  that  is  constantly  rary^ 
ing.  To  give  one  instance,  among  many,  it  has 
lK?cn  shewn,  that  (he  rain  that  descends  in  a 
storm  is  strongly  imprcg^nated  with  electricity, 
and  thus  brings  down  what  the  heated  vapours 
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carried  up  into  the  air,  till  the  deficiency  of  the 
earth  is  supplied  from  the  superfluity  of  the  hea* 
vens.  A  variety  of  other  causes  concur  to  vary 
continually  the  equilibrium  of  this  fluid;  as  the 
perpetual  intestine  and  oscillatory  motion,  which, 
contributes  so  much  towards  carrying  on  the  ope- 
rations of  nature.  Further,  if  a  particular  portion 
of  this  fluid  is  distributed  to  every  substance,  then 
every  alteration  of  its  capacity,  which  is  continu-* 
ally  changing  by  heat  or  cold,  must  move  or  ope* 
rate  on  it. 

As  heat,  or  fire  in  action,  is  the  first^mover  in 
the  animal  machine,  and  the  chief  active  princi- 
ple during  its  existence,  and  as  electricity  exhibits 
so  many  phenomena  which  cannot  be  distinguished 
firom  those  of  fire,  we  are  naturally  led  to  con- 
ceive high  ideas  of  the  importance  of  this  fluid  to 
medicine.  Though  the  vital  state  of  it  is  not  to 
be  estimated  by  the  degree  of  heat,  abstractedly 
considered,  because  the  degree  of  heat  only  ascer- 
tains the  €[uantity  which  is  acting  in  a  peculiar 
manner. 

It  is  known  that  this  vivifying  principle  hastens 
the  vegetation  of  plants,  Myrtle- trees,  which 
were  electrified,  budded  sooner  than  others  of  the 
same  kind  and  size,  and  in  the  same  green-house. 
Seeds,  daily  electrified,  have  shot  up  and  grown 
more  in  three  or  four  days,-  than  others  of  the 
same  kind,  and  alike  in  all  other  circumstances. 
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have  done  in  eleven  or  twelve  days.  In  the  samo 
manner  Mr.  Achard  has  shewn^  that  it  may  be 
used  as  a  supplement  for  heat^  to  hatch  the  chicken 
from  the  ^^^.  The  supposition  of  an  ingenious 
writer  is  by  no  means  improbable,  that  the  veger 
tatlng  power  which  is  operating  during  the  whole 
year  in  ever-greens,  may  arise  from  these  trees 
having  more  resin  in  their  composition  than  those 
whose  leaves  fall  in  autumn,  by  which  they  are 
enabled  to  attract  and  retain  those  juices  which 
give  them  their  continual  verdure,  and  supply  in 
$ome  degree  the  absence  of  solar  heat.  This  may 
be  inferred  from  their  natural  properties,  and  is 
confirmed  by  the  strong  electric  power  possessed 
by  their  leaves.  The  same  writer  thinks,  that  the 
fluid  collected  in  our  electrical  experiments  is 
only  those  solar  rays  that  have  been  dispersed  in, 
and  are  arrested  by  the  earth;  an  idea  which  is 
strongly  corroborated  by  th^  observations  made  on 
atmospherical  electricity,  and  by  the  deductions 

which  have  been  made  from  the  relative  affinities 

...  • 

of  fire,  light,  and  heat. 

The  agency  of  this  fluid,  and  its  existence  in 
animated  nature,  have  been  fully  proved  by  the 
expQrirpents  that  have  been  made  on  the  torpedo 
and  the  gymnotus  electricus;  for,  the  similitude 
established  bet\yeen  the  electrical  fluid  of  the  tor^ 
pcdo  and  that  of  nature  at  large,  in  such,  that  in 
^  physical  sense,  they  may  be  considered  as  pre- 
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cisely  the  same.  Mr.  Hunter  has  well  observed, 
'  says  Sir  /.  Pringhy  and  I  think  he  is  the  first  who 
has  made  the  observation^  that  the  magtiitude 
and  number  of  the  nerves  bestowed  on  those  elec- 
tric organs  in  proportion  to  their  size  must  appear 
as  extraordinary  as  their  effects;  and  that,  if  we 
except  the  important  organs  of  our  senses,  there 
is  no  part  even  of  the  most  perfect  animal,  which, 
for  its  size,  is  more  liberally  supplied  with  nerves 
than  the  torpedo :  nor  yet  do  these  nerves  of  the 
electric  organs  seem  necessary  for  any  sensation 
that  can  belong  to  them:  and,  with  respect  to 
action,  Mr.  Hunter  observes,  that  there  is  no  part' 
^  of  any  animal,  however  strong  and  constant  its 
action  may  be,  which  enjoys  so  large  a  portion  of 
them.  If  then  it  be  probable,  that  these  nerves 
are  unnecessary  for  the  purpose  either  of  sensation 
or  action,  may  we  not  conclude,  that  they  are 
subservient  to  the  formation,  collection,  and  ma- 
nagement of  the  electric  fluid?  especially,  as  it 
appears  from  Mr.  fValsKs  experiments,  that  the 
will  of  the  animal  commands  the  electric  powers 
of  its  organs.  If  these  reflexions  are  just,  we 
may  with  some  probability  foretel,  that  no  disco- 
very of  consequence  will  ever  be  made  by  -future 
physiologists  concerning  the  nature  of  the  nervous 
fluid,  without  acknowledging  the  lights  they  have 
fjorrowed  frpm  the  experiments  qf  Mr.   Walsh 
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upon  the  living  torpedo,  and  the  dissection  of  tho 
dead  animal  by  Mn  Hunter* 

A  variety  of  curious  facts  clearly  evince,  that 
the  dectric  fire  is  essentially  connected  with  the 
human  firame,  and  is  continually  exerting  its 
influence  upon  it.  Add  to  this,  the  ease  with 
which  the  natural  equilibrium  is  destroyed,  and 
we  may  readily  conceive,  that  any  alteration  in 
the  quantity  or  intensity  of  action  of  this  powerfiil 
fluid  will  produce  corresponding  changes  in  the 
liabit  or  health  of  the  body*  The  following  is  a 
remarkable  instance  of  the  agency  of  the  fluid  in 
the  human  frame,  and  of  the  ease  with  which  it  is 
put*in  action.  Mr.  Brydone  mentions  a  lady, 
^ho,  on  combinj^  her  hair  in  frosty  weather  in 
the  dark,  had  sometimes  observed  sparks  of  fire 
to  issue  from  it;  this  made  him  think  of  attempt-, 
ing  to  collect  the  electrical  fire  from  hair  alone, 
without  the  assistance  of  any  other  electrical  ap^ 
paratus.  To  this  end,  he  desired  a  young  lady  to 
stand  on  wax,  and  comb  her  sister^s  hair  who  was 
sitting  in  a  chair  before  her;  soon  after  she  had 
begun  to  comb,  the  young  lady  on  the  wax  was 
surprized  to  find  her  whole  body  electrified,*  and 
darting  out  sparks  of  fire  against  every  object  that 
approached  her.     Her  hair  was  strongly  electrical^ 

« 

*  Sir  John  Pringlc's  Discourses^  p.  84. 
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and  affected  an  electrometer  at  a  considerable 
distance.  He  charged  a  metallic,  conductor  from 
itj  and  in  the' space  of  a  few  minutes  collected  a 
sufficient  quantity  of  fire  to  kindle  common  spi- 
rits, and,  by  means  of  a  small  jar,  gave  many 
smart  shocks  to  all  the  company. 

Mr.  Cavallo  obtained,  by  means  of  a  small 
condensing  plate,  very  sensible  signs  of  electricity 
from  various  parts  of  his  own  body,  and  the  head 
of  almost  any  other  person. 

When  the  discoveries  in  this  science,  says 
Mr.  BrydonCy  are  further  advanced,  we  may  find, 
«  that  what  we  call  sensibility  of  nerves,  and  many 
other  diseases,  which  are  known  only  by  name^ 
are  owing  to  the  bodies  being  possessed  of  too 
large  or  top  small  a  quantity  of  this  subtile  fluid, 
which  is  perhaps  the  vehicle  of  all  our  feelings. 
It  is  known,  that  in  damp  and  hazy  weather, 
when  this  fire  is  blunted  and  absorbed  by  the 
humidity,  its  activity  is  lessened,  and  what  is 
collected  is  soon  dissipated;  then  our  spirits  are 
more  languid,  and  our  sensibility  is  less  acute. 
And  in  the  fierce  wind  at  Naples,  when  the  air 
seems  totally  deprived  of  it,  the  whole  system  is 
unstrung,  and  the  nerves  seem  to  lose  both  their 
tension  and  elasticity,  till  the  north-west  wipd 
awakens  the  activity  of  the  animating  power^ 
which  soon  restores  the  tone,  and  enlivens  all 
nature,  which  seemed  to  droop  and  languish  in 
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its  absence.  Nor  can  this  appear  surprizing,  if  it 
is  from  the  different  state  of  this,  fire  in  the  human 
body  that  the  strictum  and  laxum  proceeds,  and 
not  from  any  aheration  in  the  fibres  themselves,  or 
their  beting  more  or  less  braced  up,  (among  which 
bracers,  cold  has  been  reckoned  one,)  though  the 
muscular  parts  of  an  animal  are  more  braced  when 
they  are  hot,  and  relaxed  when  they  ^re  cold* 

Mr.  Jalahert  and  Professor  Saussurf,  when 
passing  the  Alps,  were  caught  among  thunder- 
clouds, and  found  their  bodies  full  of  electrical 
(ire;  spontaneous  flashes  darting  from  their  fin- 
gers with  a  crackling,  noise,  and  the  sensations 
they  felt  were  the  same  as  when  strongly  electri- 
fied by  art.  It  seems  pretty  evident,  that  those 
feelings  were  owing  to  their  bodies  containing  too 
great  a  share  of  electrical  fire;  and  it  is  not  im- 
probable, that  many  of  our  invalids  Owe  their 
feelings  to  the  opposite  cause. 

The  perpetual  electricity  of  the  atmosphere  is 
no  longer  a  problem:  the  existence  and  continual 
agency  of  it  in  that  mass  of  air  which  surrounds 
our  globe  has  been  ascertained  by  numerous  clear 
and  decisive  experiments;  and  it  seems  by  do 
means  improper  to  infer,  that  this  fluid  cannot 
exist  in  the  atmosphere  without  exerting  a  certain  ^ 
influence  on  all  the  beings  contained  in  it,  and 
principally  on  organized  bodies,  among  which, 
man  holds  the  highest  rank. 
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Experiment  ccxl.  Pass  the  charge  of  a 
large-jar,  or  battery,  from  the  head  to  the  back  of 
a  mouse;  this,  if  the  shock  is  sufficiently  strong, 
y^ill  kill  the  animal.  After  its  death,  make  the 
discharge  in  the  same  manner,  and  the  fluid  will 
pass  visibly  over  the  body,  and  not  through  it; 
evincing,  that  the  power  or  medium  which  trans- 
mitted the  shock  through  the  animal  is  lost  with 
its  life.  This  experiment  is  taken  from  Mr.  Ca- 
'vallo-s  Treatise  on  Medical  Electricity.  Its  im- 
portance is  self-evident,  and  it  certainly  merits  a 
further  investigation  by  those  who  are  acquainted 
with  the  animal  economy,  as  well  as  electricity. 

As  the  science  of  medicine  khows  of  no  specific, 
so  we  are  not  to  suppose  that  electricity  will  tri- 
umph over  every  disorder  to  which  it  is  applied. 
Its  success  will  be  more  or  less  extensive,  accord- 
ing to  the  disposition  of  the  subject,  and  the  ta- 
lents of  those  who  direct  it;  it  cannot  therefore 
appear  surprizing^  that  many  disorders  have  been 
refractory  to  its  powers,  and  others  have  only 
yielded  in  a  small  degree;  or,  that  the  progress  of 
the  cure  has  often  been  stopped  by  the  impa- 
tience or  prejudice  of  the  diseased:  but  at  the 
same  time,  it '  must  be  acknowledged,  that  even 
in  its  infancy,  when  it  had  to  combat  against  fear, 
prejudice,  and  interest,  its  success  was  truly  great: 
wc  have  surely  then  the  highest  reason  to  expect 
3  considerable  increase  of  success,  now  that  it  is 
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cultivated  and  promoted  by  professional  men  of 
the  first  merit. 

In  a  short  course  of  lectures,  which  were  read 
on  this  subject  lately  by  Mr.  Birch,  something 
like  a  system  was  thrown  out  for  the  consideration 
of  future  electricians.  The  application  of  electri- 
city to  medicine  was  divided  into  three  forms; 
tiamely,  the  fluids  the  spark  or  friction^  and  the 
shock.  The  first  mode  ht  considered  to  act  as  a 
sedative^  the  second  he  ranked  under  the  tide  of 
a  stimulant,  and  the  last  as  a  deobstruent.  As 
the  distinctions  were  the  result  of  many  experi- 
ments  and  much  observation,  they  may  safely  be 
adopted  for  the  present.  That  gentleman  being 
now  engaged  in  the  practice  of  a  great  hospital, 
where  his  electrical  experiments  have  already 
gained  some  reputation,  we  may  hope  the  science 
will  be  more  universally  diffused;  and^  being 
taught  under  the  cautious  eye  of  public  scrutiny, 
we  may  trust  its  merits  will  soon  give  it  an  esta-f 
blished  rank  in  the  art  of  healing. 

In  medicine,  electricity  is  applicable  to  palsies, 
rheumatisms,  intermittents;  to  spasm,  obstruc- 
tion, and  inflammation.  In  surgery,  it  has  con- 
siderable scope  for  action ;  where  contractions  and 
sprains^  tumours,  particularly  of  the  glandular 
sort,  wasting  of  the  muscles,  and  other  intcidents, 
form  a  catalogue  of  visible  diseases  as  distressing 
to  the  sight  of  others  as  to  the  patients  themselves^ 
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The  gout,  and  the  scfophuk,  or  king's  evil,  two 
diseases  which  have  tormented  mankind  and  been 
the  disgrace  of  medicine  to  the  present  time,  are 
ranked  among  those  to  which  this  remedy  is  ap- 
plicable; and  in  the  commencement  of  the  com- 
plaints, I  am  informed,  has  been  wonderfully 
successful.  To  remove  ill-placed  fits  of  the  gout, 
it  should  seem  to  be  a  more  rational  application 
than  any  medicine,  for  it  applies  directly  to  the 
seat  of  the  disease,  with  a  power  and  rapidity 
unknown  in  physic,  and  perfectly  manageable  at 
discretion;  and,  as  it  is  a  remedy  which  applies 
to  the  understanding  as  well  as  to  the  feelings, 
I  should  think  it  better  worth  the  attention  and 
contemplation  of  men  of  liberal  education,  than 
the  compounding  a  medicine  in  which  they  place 
little  faith,  or  applying  a  plaister  in  which  they 
have  none  at  all. 

The  success  of  electricity,  in  relieving  the  suf- 
ferings of  mankind,  has  been  considerably  pro- 
moted, and  its  operations  rendered  more  rapid, 
sensible,  and  efficacious,  by  applying  it  in  diffe- 
rent manners,  and  quantities  to  the  human  frame. 
The  modes  formerly  used  were  the  shock,  spark, 
artd  sometimes,  though  very  seldom,  simple  elec- 
trification. These  modes  are  now  varied,  and 
their  number  augmented.  The  stream  of  the 
electric  fluid  may^  without  a  shock,  be  made  to 
pass  through  any  part  of  the  body;  it  may  also  be 
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thrown  upon,  or  extracted  from  any  part/  and  it^ 
action  in  each  case  varied,  by  causing  the  fluid 
to  pass  through  materials  which  resist  its  passage 
in  different  degrees;  it  may  be  applied  to  the 
naked  integuments,  or  to  the  skin  covered  with 
different  resisting  substances;  and  its  power  may 
be  rarefied  or  condensed,  confined  to  one  spot  or 
applied  in  a  more  diffusive  manner,  at  the  discre- 
tion  of  the  operator. 

The  apparatus  necessary  for  this  purpose  is 
simple,  and  consists  of  the  following  articles: 

1.  An  electrical  machine,  with  an  insulated 
cushion,  properly  constructed  to  afford  a  conti- 
nued and  strong  stream  of  the  electrical  fluid. 

2.  A  stool  with  insulating  feet,  or  rather  an 
arm  chair  fixed  on  a  large  insulating  stool.  The 
inside  part  of  the  back  of  the  chair  should  move 
on  a  hinge,  that  it  may  occasionally  let  down  to 
electrify  conveniently  the  back  of  the  patient:  the 
arms  of  the  chair  should  also  be  made  longer  than 
usual. 

3.  A  Leyden  jar  with  an  electrometer. 

4.  A  pair  of  large  directors,  with  glass  handles 
and  wooden  points. 

5.  A  few  glass  tubes  of  different  bores,  some  of 
them  with  capillary  points. 

To  these  may  be  added,  an  universal  discharget 
on  a  large  scale,  a  pair  of  small  directors  with 
silver  wires,  and  a  pair  of  insulating  forceps. 
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Fig.  93,  plate  5,  represents  the  directors ;  the 
handles  are  of  glass.  A  is  a  brass  wire  with  a  ball 
on  its  end.  The  wire  of  one  is  bent,  for  the  more 
conveniently  throwing  the  electric  fluid  on  the 
eye,  &c.  The  balls  may  be  unscrewed  from  the 
wireis,  and  the  wooden  point,  B,  screwed  in  its 
place;  or  the  pointed  end  of  the  brass  wire  may 
be  used.  The  directors  should  always  be  held  by 
th^t  extremity  of  the  glass  handle  which  is  farthest 
fh>m  the  brass,  and  care  should  be  taken  that  the 
heat  of  the  hand  does  not  make  them  moist. 

L  and  M^Jig.  84,  represent  glass  tubes,  through 
which  small  wires  are  made  to  pass,  to  convey  the 
fluid  directly  to  the  ear  or  throat. 

Fig.  68  represents  another  glass  tube,  of  a  larger 
size,  the  end  of  which  is  capillary ;  a  small  quan- 
tity of  rose-water,  or  any  other  fluid,  is  to  be 
poured  into  this  tube;  then  connect  it  with  the 
prime  conductor  by  a  wire;  turn  the  cylinder,  and 
a  subdivided,  gende,  and  refreshing  stream  of  this 
fluid  may  be  thrown  on  the  patient. 

Fig.  86  represents  the  insulated  electric  forceps: 
some  operators  think  it  a  very  convenient  instru- 
ment for  communicating  a  shock.  Its  use  and  appli- 
cation are  evident  from  an  inspection  of  the  figure. 

Fig.  85  is  the  medical  jar,  furnished  with  an 
electrometer,  to  limit  the  force  of  the  shock,  and 
enable  the  operator  to  give  a  successive  number, 
of  them  of  the  same  force.     C  is  a,  bent  piece  of 
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glassy  on  the  upper  part  of  which  is  cemented  a 
brass  socket,  D,  furnished  with  a  spring  tube,  £; 
the  wire,  F,  moves  in  this  tube,  so  that  the  ball, 
6,  may  be  set  at  a  convenient  distance  from  the 
ball,  H.  The  end,  I,  of  the  bent  piece  of  glass  is 
also  furnished  with  a  spring  tube,  which  dides 
upon  the  wire,  K,  communicating  with  the  inside 
of  the  jar. 

To  use  this  jar,  place  the  ball,  H,  in  contact 
with  the  conductor,  or  connect  them  together 
by  a  wire,  and  then  charge  it  in  the  usual  manner. 
Now,  if  a  wire  proceeds  from  the  ball,  L,  to  the 
outside  coating,  the  jar  will  be  discharged^  when* 
ever  the  fluid  has  acquired  sufficient  force  to  pass 
through  the  space  of  air  between  the  two  balls; 
consequently,  the  ^ock  is  stronger  in  proportion 
as  the  distance  between  the  two  balls  is  increased. 

It  is  obvious^  that  when  the  electrometer  is 
thus  connected,  it  acts  in  the  same  manner  as  a 
conftnon  discharging  rod,  and  forms  the  commu- 
nication between  the  outside  and  the  inside  of  the 
jar;  with  this  difference  only,  that  the  distance  of 
the  end  which  is  to  communicate  with  the  inside 
may  be  limited  <ind  regulated. 

It  has  been  found  more  convenient,  to  separate 

the  electrometer  from  the  jar,  and  apply  it  to  the 

conductor:  see  in  the  frontispiece  to  tbis  Essay, 

where  a  h  represents  the  electrometer;  c  ^/,  the 

^  Leyden  jar,  suspended  at  a  small  distance  from  it; 


ON  MEDI'CAL  ELECTRICITY^  497  . 

a  glass  tube^  ef^  is  fixed  in  this  bottle,  a  sm^U 
part  of  the  lower  end  of  which  is  coated ;  two 
wires  pass  through  the  brass  ball,  C,  on  the  top  of 
this  tube,  one  of  which  goes  down  to  the  bottom 
of  the  exterior  jar,  and  touches  its  intternal  coat- 
ing, the  other  only  goes  to  the  coating  of  the 
tube:  these  wires  may  be  removed  at  pleasure.. 
The  jar  is  to  be  suspended  to  the  conductor  by 
the  ring,  and  a  chain  or  wire  is  to  be  fixed  to  the 
hook,y,  at  the  bottom. 

Fig.  JOG,  plate  5,  represents  the  bottle  director, 
which  is  hollow  and  coated  like  a  pommon  jar, 
acting  in  all  respects  like  one,  but  is  convenient, 
from  its  shape  and  some  other  circumstances,  in 
giving  small  shocks. 

The  handles  of  the  directors  should  be  carefully 
dried,  as  also  the  bent  piece  of  glass  C,  and  those 
parts  of  the  jar  which  are  above  the  coating.  It 
^  is  likewise  necessary  to  press  the  ends  of  the  di- 
rectors against  the  part,  to  convey  the  shock  more 
readily:  by  connecting  one  wire  with  a  positive 
conductor,  and  the  other  with  a  negative  one;  or, 
one  with  the  bottom  of  a  Ley  den  jar,  and  the 
other  with  the  electrometer;  the  shock  or  stream 
may  be  conveyed  to  any  part,  with  the  greatest 
facility.  It  is  also  evident,  that  a  person  may^ 
by  means  of  two  directors,  electrify  himself  with 
easfc,-  or  any  patient  conveniently,  without  the 
assistance  of  any  other  person;  that  is,  he  may 

I  i 
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turn  the  machine  with  one  hand,  while  be  id 
receiving  the  fluid  or  the  shock.  But  this  may 
also  be  readily  effected,  by  fastening  a  wire  to  one 
of  the  conductors,  and  pinning  the  other  end  of 
it  to  one  extremity  of  the  part  through  which  you 
intend  to  pass  the  shock,  or  convey  the  fluid; 
then  connect  a  director  with  the  other  conductor, 
and  hold  it  to  the  other  extremity  of  the  part.  If 
the  situation  is  such  as  to  occasion  the  wires  to 
touch  the  table,  pass  a  small  glass  tube  over  tbem, 
which  will  prevent  a  dissipation  of  the  fire. 

Electricity  may  be  applied  medically  in  the  fol- 
lowing different  modes: 

t .  By  merely  placing  the  patleni  in  an  insuUui 
chair ^  and  connecting  him  with  the  prime  conductor* 
When  the  machine  is  in  action,  he  will  be  filled 
with  the  electric  fluid,  which  will  be  continually 
dissipated  from  the  points  and  edges  of  his  cloaths; 
and,  though  the  effects  of  this  are  probably  too 
slow  to  be  rendered  very  advantageous,  yet  a  se- 
dentary person  might  perhaps  derive  some  benefit 
from  sitting  in  an  insulated  chair,  having  before 
him  an  insulated  table,  the  chair  to  be  connected 
with  the  ball  of  a  large  charged  jar  or  batteiry ;  by 
which  means,  a  small  quantity  of  the  fluid  will  be 
continually  passing  through  those  innumerable  ca- 
pillary vessels,  on  the  right,  state  of  which  our 
health  so  much  depends. 
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Q,.  By  throwing  the  fluid  uporiy  or  extracting  it 
from  a  patient^  hy  means  of  a  wooden  point.  This 
may  be  effected  in  a  two-fold  manner.  1st.  By 
insulating  the  patient,  and  connec^ting  hiili  either 
with  the  Cushion  or  the  positive  prime  conductor^ 
the  operator  presenting  the  points  2d.  Let  the 
patient  stand  upon  the!  ground,  and  the  wire  of 
the  director  be  connected  either  with  the  positive 
or  negative  parts  of  the  machine*  The  sensation 
produced  by  the  fluid,  when  acting  in  this  man- 
ner,  is  mild  and  pleasing,  resembling  the  soft 
breezes  of  a  gentle  wind;  generating  a  genial 
warmth^  and  promoting  the  secretion  and  dissipa- 
tion of  tumours,  inflammations,  &c. 

3.  By  the  electric  friction.  Cover  the  part  to  be 
rubbed  with  a  woolen  cloth  or  flannel.  The  pa- 
tient may  be  seated  in  an  insulated  chair, 'and 
rubbed  with  the  ball  of  a  director  that  is  in  con- 
tact with  the  conductor;  or^  he  may  be  connected 
with  the  Conductor,  and  rubbed  with  a  brass  ball 
which  Communicates  with  the  ground.  The  fric- 
tion thus  produced  is  evidently  more  penetrating, 
tnore  active^  and  more  powerful,  than  that  which 
is  comnumicated  with  a  flesh  brush ;  and  there  is, 
I  apprehend^  very  little  fear  of  being  thought  too 
sanguine,  if  I  assert,  that  this^  when  used  but  for 
a  few  minutes,  will  be  found  more  efficacious  than 
the  other,  after  several  hours  application.  Elec- 
tricity  applies    here   with   peculiar    propriety   to 
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spasm,  pleurisy,  and  some  stages  of  the  palsy;  and 
in  every  case  answers  the  end  of  blistering  where 
the  discharge  is  not  wanted,  being  the  most  safe 
and  powerful  stimulant  we  know.' 

4.  By  taking  strong  sparks  from  the  patient. 
Here,  as  in  every  other  case,  the  operator  may 

connect  the  ball  of  the  director  with  the  positive 
or  negative  conductor;  or,  he  may  connect  the 
patient  with  either  of  these,  and  the  ball  with  the 
ground.  Now,  it  is  clear  from  what  has  been 
already  laid  down,  that,  if  the  director  be  con- 
nected with  the  positive  conductor,  the  fluid  is 
thrown  upon  the  patient;  if  with  the  cushion,  the 
fluid  is  extracted  from  him.  Let  the  patient  be 
insulated,  and  the  action  is  in  some  measure  re- 
versed; if  he  is  joined  to  the  negative  conductor, 
or  cushion,  he  will  receive  a  spark  from  a  person 
standing  on  the  floor;  but  if  he  communicates 
with  the  positive  conductor,  he  will  give  the 
spark  to  the  person  on  the  ground. 

5.  By  causing  a  current  of  the  electric  fluid  to 
pass  from  one  pari  of  the  hody^  and  thus  confining 
and  concentrating  its  operation  without  commumcat- 
ing  the  shock.  Place  the  patient  in  an  insulated 
chair,  and  touch  one  part  of  the  body,  with  a 
director  joined  to  a  positive  conductor;  then  with 
a  brass  ball  communicating  with  the  ground  touch 
another  part,  and  when  the  machine  is  in  action 
the  fluid  will  pass  through  the  required  part,  fra.ro 
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tiie  conductor  to  the  ball:  the  force  of  the  stream 
will  be  different  according  to  the  strength  of  the 
machine,  &c.  Or,  connect  one  director  with  the 
cushion  and  the  other  with  the  positive  conductor, 
and  apply  these  to  the  part  through  which  the 
fluid  is  to  pass;  and,  when  the  machine  is  in  ac- 
tion, the  electricity  will  pass  from  one  ball  to  the 
other.  It  is  not  necessary  to  insulate  the  patient 
in  this  case. 

6.  By  the  shock.  Which  may  be  given  to  any 
part  of  the  human  body,  by  introducing  that  part 
of  the  body  into  the  circuit  which  is  made  be- 
tween the  outside  and  inside  of  the  jar.  This  is 
conveniently  effected  by  connecting  one  director 
by  a  piece  of  wire  with  the  electrometer,  and  the 
other  with  the  outside  of  the  jar;  then  hold  the 
directors  by  their  glass  handles,  and  apply  the 
balls  of  them  to  the  extremity  of  the  parts  through 
which  the  shocks  are  to  be  passed,  The  force  of 
the  shock,  ^s  we  have  already  observed,  is  aug- 
mented or  diminished  by  increasing  or  lessening 
the  distance  between  the  two  balls,  which  must 
be  regulated  by  the  operator  to  the  strength  and 
sensibility  of  the  patient.  When  the  little  jar 
with  the  glass  tube  is  used  as  a  common  jar,  both 
wires  are  to  be  left  there,  and  the  shock  is  com- 
municated by  two  directors,  one  connected  with 
the  bottom,  the  other  with  the  top,  by  means  of 
the  electrometer;  see  the  plate  facing  the  titlgr 
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page  of  this  Es6ay.  The  operator  will  often  find 
himself  embarrassed  in  giving  small  shocks^  the 
fluid  passing  from  the  conductor  to  the  ball  of  the 
electrometer,  instead  of  going  through  the  circuit 
he  desires:  when  this  happens,  which  may  be 
known  by  the  chattering  noise  of  the  spark  in 
passing  to  the  electrometer,  the  resistance  formed 
to  the  discharge  is  so  great,  that  the  fluid  cannot 
force  its  way  through  the  circuit.  To  remedy 
this,  and  lessen  the  resistance,  pass  two  metallic 
pins  through  the  cloatbing,  so  that  they  may  be 
in  contact  with  the  skin ;  which  will  lessen  the 
resistance,  and  conduct  the  fluid. 

7.  By  a  sensation  between  a  shock  and  the  sparky 
which  does  not  communicate  that  disagreeable  feeling 
attending  the  common  shock.  This  is  effected  by 
taking  out  the  long  wire  from  the  small  medical 
jar,  and  leaving  the  shorter  one  which  is  con- 
nected with  the  tube  in  its  place;  the  directors  to 
be  connected  and  used  as  before.  In  lessening 
this  vibratory  shock,  the  electrometer  may  be 
drawn  to  a  much  greater  distance;  for,  the  rapi- 
dity with  which  the  charge  of  the  jar  sends  for- 
ward the  charge  of  the  tube  is  sufficient  to  over- 
come the  resistance  of  a  large  body  of  air.  The 
effect  of  this  species  of  shock,  if  it  may  be  called 
one,  is  to  produce  a  great  vibration  in  the  musr 
cular  fibres,  without  inducing  that  pungent  sen- 
sation which  the  shock  effects.     It  is,  therefore, 
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applicable  to  some  stages  of  palsy  and  rheuma- 
tism ;  it  may  also  serve  as  an  artificial  means  of 
exercise.  ■ 

8.  Bv  tie  bottle  director.  Insulate  the  patient, 
and  {dace  the  ball  gt  in  contact  with  him,  by 
v^ich  means  this  director  is  charged.  Now,  if 
a  wire  is  oonveyed  from  the  bottom  of  this  to 
the  top  of  another  director,  the  bottle  direc- 
tpr,  plate  $,  Jig.  100,  will  be  discharged  when^ 
evtr  the  ball,  h,  is  brought  in  contact  with  the 
patient;  so  that^  by  bringing  it  down  with  rapi- 
<fity,  any  Dumber  of  small  shocks  may  be  {procured 
in  a  minute.  Or,  connect  the  insulated  patient 
viih  the  top  or  inside  of  a  large  charged  jar,  and 
then  this  apparatus,  used  in  the  foregoing  manner, 
will  discharge  from  the  large  jar,  at  each  spark, 
its  own  contents;  and,  by  repetition,  discharge 
the  whole  jar.  Thus,  a  number  of  shocks  may  be 
given,  without  continually  turning  the  machine, 
or  employing  an  acisistant. 

9.  By  passing  the  whole  fluid  contained  in  the 
hidden  jar  through  a  diseased  part^  without  giving 
the  shod.  Connect  a  director  by  means  of  a  wire 
with  the  ball  of  ^  Leydeq  jar;  charge  the  jar 
eith^  completely  or  partially,  and  then  apply  the 
ball  or  point  of  the  conductor  to  the  part  intended 
to  be  electrified,  and  the  fluid  which  was  con- 
densed in  the  jar  will  be  thrown  on  the  part  in  a 
dense  slow  stream,  attended  with  a  pungent  sen- 
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sation,  which  produces  a  considerable  d^rceof 
warmth.  If  a  wire  that  communicates  with  the 
ground  is  placed  opposite  to  the  end  of  the  direc- 
tor,  the  passage  of  the  fluid  will  be  rendered  more 
rapid,  and  the  sensation  stronger.  Or  insulate 
the  patient,  connect  him  with  the  top  of  a  jar, 
charge  this,  and  then  apply  a  metal  wire  or  piece 
of  wood  to  the  part  through  which  you  mean  to 
make  the  fluid  pass.  It  is  obvious,  that  in  this 
case  the  circuit  between  the  inside  and  the  out- 
side  of  the  jar  i^  not  completed,  therefore  the 
shock  will  not  be  felt.  The  condensed  fluid 
passes  in  a  dense  slow  stream  through  the  re* 
quired  part,  vvhile  the  outside  acquires  a  sufficient 
quantity  from  substances  near  it  to  restore  the 
equilibrium. 

It  is  in  all  cases  most  adviseable  to  begin  with 
the  more  gentle  operations,  and  proceed  gradually 
to  increase  the  force,  as  the  strength  and  consti- 
tution of  the  patient,  or  thtf  nature  of  the  disorder 
requires.  The  stream  from  a  wooden  point,  a 
wooden  ball,  or  brass  point,  may  be  first  used; 
sparks,  if  necessary,  may  then  be  taken,  or  small 
shocks  given. 

In  rheumatic  cases,  the  electric  friction  is  ge* 
nerally  used.  If  the  pains  are  local,  small  shocks 
may  be  given.  To  relieve  the  tooth-ach,  very 
small  shocks  may  be  passed  through  the  tootb; 
or,  cover  the  part  aflfected  with  flannel,  and  rub 
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it  with  a  director  communicating  with  the  ma^ 
chine.    . 

In  inflammations,  and  other  disorders  of  the 
eyes^  the  fluid  should  be  thrown  from  a  wooden 
point:  the  sensation  here  produced  is  that  of  a 
gentle  cooling  wind;  but,  at  the  same  time,  it 
generates  a  genial  warmth  in  the  part  affected. 

In  palsies,  the  electric  friction  and  small  shocks 
are  administered.  Streams  of  the  fluid  should  al- 
ways be  made  to  pass  through  the  afl^ected  part. 

In  a  former  edition  of  this  work,  I  mentioned 
that  the  electrical  operations  carrying  on  at  a 
great  hospital,  under  the  direction  of  Mr.  Bird, 
had  even  then  gained  some  reputation.  And  I 
ventured  to  express  my  hopes,  that  the  science, 
being  taught  under  the  cautious  eye  of  public 
scrutiny,  would  be  more  universally  diffused,  and 
that  its  merits  would  soon  give  it  an  established 
rank  in  the  art  of  healing.  That  these  hopes  are 
fully  realized,  will,  I  think,  be  evident  from  the 
following  letter  on  the  subject  of  medical  elec- 
tricity, with  which  I  have  been  favoured  by 
Mr.  Birch. 
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LETTER 

TO 

Mb.  GEORGE  ADAMS, 

ON  THE  SUBJECT  OF 

MEDICAL  ELECTRICITY', 

PROM 

Mr.  JOHN  BIRCH,      . 

SURGEON, 


SIR, 

HThe  pains  you  have  taken  to  diffuse  a  general 
knowledge  of  electricity,  and  the  unremitting  at«- 
tention  you  have  paid  to  the  improvements  of  the 
apparatus,  claim  the  approbation  of  every  one 
whose  study  has  been  directed  to  the  science.  I 
am  happy  in  an  opportunity  of  testifying  how 
much  the  success  of  my  practice  has  been  owing 
to  the  expertness  with  which  you  have  remedied 
the  defects  I  found  in  the  machine,  as  they  have 
presented  themselves  to  me  in  the  cpurse  of  my 
experience;  for,  without  your  aid  I  should,  lice 
many  others,  have  been  tired  out  by  the  inefficacy 
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of  the  instrument^   though   I   should  not^  like 
them,  have  condemned  the  art  for  the  faults  of 

■ 

the  artist. 

The  public  have  a  right  to  expect  from  me 
some  account  of  the  result  of  those  experiments 
in  medical  electricity,  which  I  have  now  been 
more  than  twelve  years  engaged  in,  and  in  which 
I  could  never  have  so  invariably  persisted,  had 
I  not  found  it  in  many  cases  exclusively  eminent 
and  efficacious;  for,  if  it  applied  only  to  such 
diseases  as  were  curable  by  other  means,  it  would^ 
I  am  sensible,  avail  little  in  practice:  but  its  me- 
rit is,  that  it  often  affords  relief  where  every  other 
hope  is  lost,  and  saves  the  noble  art  of  surgerj 
from  the  opprobrium  of  amputation. 

It  was  not  till  after  several  years  experience, 
that  I  formed  in  my  own  mind  a  system  arising 
from  its  actions  on  disease :  this  system  was  the 
result  of  continued  observation;  and,  as  it  has 
enabled  me  to  teach  the  practice  more  scientifi- 
cally, I  can  have  no  objection  to  add  it  to  your 
useful  Essay,  and  to  illustrate  it  by  a  series  of 
cases,  which  will  enable  the  reader  to  judge  of  the 
truth  or  deception  of  it.  If  it  should  induce  those 
who  may  have  taken  up  the  practice  without  a 
sufficient  knowledge  of  the  subject,  to  resume  it 
on  better  grounds,  I  will  venture  to  say  it  will 
answer  their  expectations,  provided  they  are  masr 
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ters  of  the  instrament,  and  are  acquainted  with 
the  cause  and  seat  of  diseases. 

The  applications  of  the  electric  fluid  to  the 
diseases  of  the  human  body  may  be  all  comprized 
under  three  heads:  the  iirst,  under  the  form  of 
radii^  when  projected  from  a  point ;  the  second, 
under  the  form  of  a  spark,  when  many  of  these 
radii  are  concentered  on  a  ball;  and  the  third, 
under  that  of  a  globe,  when  many  of  these  sparks 
are  condensed  in  a  Leyden  jar.  Now,  to  each  of 
these  heads  a  specific  action  belongs :  the  first,  or 
fluid  state  acts  as  a  sedative;  the  second,  concen- 
trated state,  as  a  stimulant;  and  the  last,  conden- 
sed state,  as  a  deobstruent. 

Under  these  three  plain  intentions,  I  apply 
electricity  to  disease,  being  guided  by  anatomy  to 
the  distinction  of  local  from  constitutional  com- 
plaints: in  the  former  of  which,  I  trust  to  its 
power  simply;  and  in  the  latter,  join  the  aid  of 
the  physician  and  his  art. 

The  apparatus  I  have  also  reduced  to  a  simple 
form,  consisting  of  a  moderate  sized  cylinder, 
conductor,  and  Leyden  jar,  with  an  insulating 
chair. and  electrometer;  a  glass  mounted  director 
with  a  wooden  handle,  to  the  extremity  of  which 
a  brass  ball  and  wooden  point  are  fitted,  and  a 
brass  director  mounted  in  wood.   « 

When  I  wish  to  apply  the  fluid,  I  connect  by  a 
smooth  wire  the  glass-mounted  director  to  the 
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eondactor  witb  a  pdtnt  at  its  extremity^  and  thcf 
radii  are  projected  from  it  to  the  part  affected^ 
When  desirous  of  propelling  the  sparks^  I  change 
the  point  for  the  ball.  When  the  shock  is  in- 
tended, the  circuit  of  the  Leyden  jar  must  be 
soade.  A  person  insulated  may  be  subjected  to  a 
two-fold  intention  at  one  moment.  Suppose  a 
pain  in  the  eye^  requiring  a  sedative  application 
to  the  aifected  part^  and  the  stimulus  of  a  blister 
at* a  remote  place;  the  fluid  may  be  flung  from 
the  wooden  point  on  the  eye,  and  stimulating 
sparks  may  be  drawn  at  the  same  instant^  by  a 
brass  ball  applied  between  the  shoulders* 

By  means  of  the  electrometer  and  these  direc- 
tors^  the  shock  is  also  manageable  to  the  most  exact 
nicety,  and  applied  to  the  seat  of  (^isease  only. 

The  ingenuity  with  which  these  simple  modes 
of  application  may  be  varied,  to  puzzle  and  de- 
ceive the  observation  of  a  by-stander,  is  un- 
bounded^ and  would  have  formed  a  grand  basis 
for  empiricism,  if  they  had  been  artfully  employed; 
but  as  electricity  has  escaped  abuses,  and,  I  trust, 
18  worthy  the  serious  attention  of  every  practitio- 
jner^  I  submit  the  following  cases  to  the  candour 
of  the  public  for  their  determination^  whether 
I  have  followed  an  idle  pursuit,  or  dedicated  my 
hours  to  an  important  object,  that  has  already 
fR*dved  in  no  inconsiderable  degree  beneficial  to 
mankind. 
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Cases  of  the  electric  power  applied  in  the  form  of 

radii  or  fluid. 

J.  M.  aged  18,  received  a  blow  from  a  hammer 
on  bis  thumb,  the  pain  of  which  esctended  up  his 
arm;  the  flexor  muscles  were  in  a  short  time 
thrown  into  such  strong  action^  that  the  fingers 
were  immoveably  contracted.  The  proper  reme<* 
dies,  both  internal  and  external^  were  inefiectually 
applied  for  several  weeks;  the  lad  was  then  sent 
to  St.  Thomases  Hospital,  under  the  care  of  Mr. 
Chandler,  who,  finding  his  applications  unsenrice-* 
able,  sent  him  to  the  electric  room  for  my  opinion. 
In  the  pl"csence  of  several  of  the  young  gentlemen, 
1  placed  the  lad  on  the  insulated  chair,  and,  con^ 
necting  him  to  the  prime  conductor,  I  drew  the 
electric  fluid  from  the  fore  arm  by  a  needle  point. 
In  about  three  minutes  he  complained  of  uneasi-* 
ness  in  the  flexor  muscles  of  the  fingers;  immedi-' 
ately  the  fingers  began  to  extend,  and  in  about 
five  minutes  he  had  the  complete  use  of  them. 

The  indention  in  the  palm  of  his  hand  was 
considerable,  from  the  length  of  time  the  fingers 
had  been  contracted.  I  prognosticated  this  eflfect 
would  not  be  permanent;  it  continued,  however, 
till  the  hour  of  rest,  but  in  the  morning  the  hand 
clenched.  "  This  readily  gave  way  to  the  re-appli- 
cation of  electricity  the  next  day :  on  the  third 
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day  the  spasm  returned,  but  in  a  much  sligblcr 
degree:  the  same  application  was  continued  for 
six  days^  when,  the  muscles  appearing  to  have 
recovered  their  tone,  it  was  desisted  from.  Some 
appearance  of  relapse  being  observed  on  the  tenth 
day, .  electricity  was  resumed,  and  continued  for 
several  successive  days;  and  at  the  expiration  of  a 
month,  the  lad  was  presented  from  tt>e  hospital 
well.  About  fourteen  days  after,  he  returned  to 
the  hospital  with  his  fingers  again  contracted, 
owing  to  an  exertion  he  had  made  in  the  use  of  a 
hammer  at  a  smith's  forge.  Electricity  was  ap- 
plied as  before,  and  with  tlie  same  good  success. 
The  yofing  man  who  had  the  conduct  of  the 
machine,  choosing  to  depart  from  the  system  I 
recommended  on  the  third  day,  drew  some  sprks, 
and  passed  a  few  slight  shocks  through  the  mus- 
cles of  the  fore  arm,  which  immediately  caused 
the  contraction  of  the  fingers,  and  so  strong,  that 
they  could  not  overcome  it  by  the  fluid  for  the 
three  succeeding  days.  I  was  then  acquainted 
with  the  fact,  and  putting  the  machine  into  high 
order,  I  drew  the  fluid  from  the  hand  and  arm 
for  about  six  minutes;  I  then  perceived  a  tremu* 
lous  motion  take  place  in  the  flexors,  which  was 
followed  by  au  extention  of  the  fingers  one  after 
the  other;  the  antagonist  muscles  then  acted  so 
forcibly  as  to  bend  back  the  fingers;  a  perfect 
Relaxation  of  «^pasra  next  took  place,  and  the  lad 
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>yfes  relieved  as  li^ual.  I  directed  this  gentle  treat- 
ment to  be  continued  every  day  for  a  fortnight, 
when  he  was  again  discharged  from  the  hospital 
cured. 


A  shopman  of  Mr.  Barattfsy  of  Fish-gtreet- 
hill,  had  been  three  years  afflicted  with  a  coldness 
and  total  loss  of  the  use  of  his  lower  extremities; 
he  had  gained  no  relief  from  the  advice  and  re- 
medies he  had  used,  and  therefore  was  sent  for 
my  opinion.  Upon  examination  of  the  spine^ 
I  found  no  reason  to  conjecture  it  depended  on 
any  affection  of  that  part;  the  disease  had  gradu- 
ally come  on  from  a  chill,  after  heating  himself  in 
a  summer's  day;  he  was  otherwise  well  in  health: 
I  therefore  thought  the  electric  friction  or  shock 
might  probably  be  serviceable,  and  I  put  them  in 
use*  The  first  week  I  made  powerful  frictions^ 
but  with  no  advantage:  the  week  following  I  used 
shocks,  and  increased  them  from  day  to  day,  but 
the  patient  was  not  better;  however,  he  felt  no 
inconvenience  from  the  experiments  I  then  pro- 
posed to  hitn,  that  for  one  month  he  should  re- 
gularly suffer  me  to  draw  the  fluid  only  through 
the  affected  limbs;  and  I  had  not  adhered  to  this 
simple  experiment  more  than  one  week,  before 
evident  advantages  were  perceived:  I  determined 
therefore  not  to  alter  my  plan,  and  within  the 
«  K  k 
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month  proposed  my  patient  was  able  to  walk,  with 
the  help  of  a  stick,  only. 

Somebody  advised  him  to  use  cold  bathing, 
but  he  staid  so  long  at  the  edge  of  the  bath,  that 
no  re-action  followed  the  use  of  it,  and  his  ex- 
tremities again  failed  him.  He  applied  to  me, 
and  I  put  the  same  method  of  electricity  in  use, 
with  equal  good  success;  the  patient  obtained  a 
perfect  cure. 

A  young  gendeman,  whilst  a  pupil  at  St.  Tho- 
mas's Hospital,  had  an  eruption  of  his  face,  which 
followed  a  fever,  and  which  had  resisted  all  the 
advice  and  treatment  of  eminent  abilities.  It 
appeared  in  small  blisters,  which  broke  and  scab- 
bed, and  were  extremely  unpleasant  in  their 
appearance.  I  persuaded  him  to  let  me  try  the 
experiment  of  drawing  the  electric  fluid  through 
the  parts ;  to  which  he  readily  submitted,  though 
he  laughed  at  the  proposal.  The  instant  relief  he 
found,  from  its  first  application,  changed  bis  ridi- 
cule into  hope:  he  was  glad  to  repeat  it  every 
day,  and  in  one  week  he  was  well.  Some  weeks 
after  he  was  fishing,  and  exposed  to  the  power  of 
the  sun,  which  renewed  the  blisters:  be  called  on 
me  that  day,  was  electrified  a  few  times,  and  rer 
lieved  as  before. 


J 
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Mr.  ^ having  been  a  great  while  lender 

the  care  of  my  friend,  Dr.  Huck,  for  an  eruption 
on  his  han4s  and  fingers,  without  the  least  relief, 
came  at  length  to  consult  me,  by  the  Ppctor's 
c^esirc.  The  eruption  had  been  suspected  to  be 
the  itch  and  scurvy,  and  had  been  treated  accord- 
ingly ut  different  times:  the  discharge  was  copi- 
ous, the  skin  stiff,  and  the  fingers  unpliant.  It 
was  in  vain  to  propose  unguents  pr  lotion,  I  knew 
the  skill  of  Dr.  Hufk  had  left  none  untried;  I  had 
only  to  propose  the  experiment  of  the  electric 
fluid,  which  immediately  gave  so  pleasant  a  feel 
to  the  skin>  and  rendered  for  a  short  time  the 
fingers  so  pliable,  that  the  patient  and  myself 
were  equally  surprized  at  the  effect.  I  requested 
that  no  application  should  be  made  externally  or 
internally,  I  applied  the  fluid  only  oqce  a  day, 
and  in  a  fortnight  he  was  quite  well,  and  has 
remained  so  ever  since. 

About  two  years  since,  this  same  gentleman 
finding  a  little  girl,  about  nine  years  old,  affected 
exacdy  in  the  same  manner,  recommepded  her  to 
my  care.  I  applied  the  electric  fluid  in  the  same 
inanoer,  and  she  waa  cured  in  one  week's  tin>e. 


An  infant  under  three  months^  who  had  sucked 
her  mother  during  an  inflammatory  fever,  wa»  so 
exhausted,  that  Mr.  Crawfurd  thought  it  inpos- 
sible  she  could  survive  the  day.     The  mother  bad 
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recovered,  but  was  in  a  very  weak,  state;  the  child 
had  lost  all  febrile  symptoms,  and  had  formed  a 
critical  abscess  near  the  knee,  but  the  powers  of 
life  seemed  to  be  exhausted  to  such  a  degree,  that 
the  infant  was  incapable  of  taking  sustenance,  or 
refreshing  itself  by  sleep.     In  this  state  Mr.  Craw- 
furd  thought  it  would  be  a  very  fair  experiment, 
to  try  if  the  electric  fluid  would  as  it  were  re-ani- 
mate the  system.     The  nurse  being  seated  in  the 
insulated  chair,  the  fluid  was  drawn  through  the 
child  for  a  few  minutes:  the  languid  pulse  was 
evidently   strengthened,    the  child   went  almost 
immediately  into  a  quiet  sleep,  which  lasted  two 
hours;  on  waking,  it  took  the  breast,  then  slept 
again;  in  the  evening  it  was  most  clearly  better. 
I  electrifled  it  again;  sleep  and  food  alternately 
occupied  it  till  the  morning.     From  this  time  the 
child  throve  and  grew  strong:    the  abscess  in  a 
few  days  pointed,  I  punctured  it,  and  discharged 
an  ounce  of  good  pus ;  two  other  abscesses  formed, 
and  at  least  an  ounce  of  matter  was  discharged 
from  each:   daily  electricity  was  continued,  the 
abscesses  were  only  kept  clean,  and  dry  lint  ap- 
plied to  them:  the  Peruvian  bark  was  given  to 
the  mother.     Notwithstanding  this  large  depot  of 
matter,  the  child  mended  daily,    the  punctures 
healed  kindly,  and  the  child  recovered. 

Two  years  aflcr  I  inoculated  it  for  the  small-pox. 
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A,n  infant  of  si:^  months,  remarkably  healthy, 
a,nd  born  of  very  healthy  parents,  was  inoculated 
^  in  .the  spring  of  the  year  1780,  and  had  the  small 
\)OX  very  favourably;  she  was  purged  afterwards, 
an<i  returned  home.  In  about  two  months,  the 
lymphatic  glands  in  the  neck  appeared  tumid,  the 
child  lost  her  appetite,  her  faeces  were  of  a  bad 
colour,  she  fell  away,  and  the  tumours  increased. 
Dr.  Hehberden  was  consulted;  and,  after  the  child 
had  taken  the  medicines  he  directed  for  some 
weeks,  without  any  relief,  I  waited  on  him,  to 
know  his  opinion  of  the  case:  with  his  usual  per- 
spicuity and  candour  he  told  me,  he  thought  the 
child  must  die,  because  the  glands  of  the  mesen- 
tery appeared  to  be  as  much  diseased  as  those  of 
the  neck,  which  now  were  suppurating.  For  a 
dernier  resort,  I  proposed  to  him  a  trial  of  the 
plectric  fluid;  to  which  he  readily  assented,  as 
from  that  mode  of  application  he  thought  no  harm 
could  result. 

The  next  day  I  placed  the  nurse  in  the  chair, 
with  the  child  in  her  lap;  I  tied  the  wire,  con- 
nected with  the  prime  conductor,  to  the  infant's 
hand,  and  drew  the  fltiid  through  the  tumours; 
I  next  presented  it  to  the  abdomep,  and  conti- 
nued the  operation  a  few  minutes:  the  sensation* 
appeared  agreeable  to  the  child,  for  she  smiled 
^nd  played  during  the  whole  time:  as  she  rode 
borne  she  fell  asleep;, on  waking,  she  took  nou- 
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rishment,  appeared  more  cheerful  daring  the  eve- 
ning, and  rested  well  at  night.  In  a  very  few 
days,'  there  was  a  visible  alteration  in  the  child's 
spirits  and  general  appearance;  the  turaoursj 
which  I  thought  "would  burst  every  night,  did  not 
discharge  till  the  tenth  day;  she  then  gained 
appetite  and  strength ;  I  applied  nothitig  but  dry 
lint  to  the  ulcers,  and  continued  to  draw  the 
electric  fluid  through  them  daily;  they  healed 
quickly,  the  surrounding  glands  diminished,  the 
^bdonien  gi'cw  soft,  and  in  about  two  months  she 
was  recovered.  The  siimmer  advancing,  1  ad- 
vised sea-bathing,  which  was  accordingly  put  in 
use;  the  girl  has  been  since  in  perfect  health,  and 
no  marks  of  scrophul?i  have  ever  appeared. 


A  servant  maid  in  my  neighbourhood  was  seized 
in  the  autumn  of  1781  with  a  constipation  in  the 
bowels.  The  first  day  she  kept  her  complaints 
from  the  family;  the  next,  she  was  so  ill,  that  the 
apothecary  was  sent  for.  He  endeavoured,  by 
five  purgative  doses  given  at  proper  intervals,  to 
open  a  passage;  on  the  third  day,  the  medicines 
being  ineffectual,  a  clyster  and  the'  warm  bath 
were  administered;  nothing  succeeded,  her  pain 
was  extreme,  her  pulse  very  quick  and  low ;  she 
began  to  vomit.  In  this  extremity,  it  was  pro- 
posed to  electrify  her;  she  Was  brought  into  my 
house,  and  placed  in  the  insulated  chair.     I  con- 
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nected  the  chair  to  the  prime  conductpr  by  a 
wire,  and  drew  the  fluid  through  her  cloaths  with 
a  st€el  point  She  instantly  complained  of  a 
burning  heat  all  over  her  body;  in  less  than  two 
minutes,  the  pain  in  her  bowels  increased  so  vio- 
lently, that  she  fainted;  on  her  recovery  she  felt 
quite  easy,  and  was  in  such  a  hurry  for  an  evacu- 
ation, that  she  could  scarce  reach  the  conve- 
nience. After  this,  she  was  carried  to  her  bed 
and  fell  asleep.  In  about  four  hours  after,  her 
pain  and  constipation  returned;  I  directed  her  to 
have  the  experiment  repeated;  it  was  followed 
with  the  same  success,  a  %cond  evacuatiou  was 
produced  in  five  minutes:  her  medicines  now 
took  effect;  their  opci'ation,  as  may  be  supposed, 
was  violent.  The  rest  df  her  ture  remained  with 
the  apothecarj';  she  recovered  in  a  few  days. 


A  lady  upwards  of  70  years  old,  of  a  firm  and 
healthy  constitution,  after  a  fit  of  the  gout,  had 
her  foot  and  ankle  swelled  and  weak;  she  hoped 
the  advantage  of  country  air  and  exercise  would 
restore  it,  but  she  got  no  better.  As  she  passed 
through  London,  she  consulted  me:  I  persuaded 
her  to  let  me  pass  the  electric  fluid  from  a  point 
through  the  affected  joint;  she  complained  of 
feeling  a  creeping  sensation  up  her  leg  as  I  -was  / 
electrifyix]^  the  ankle:;  it  was  then  evening,  ^he 
grew  hot  and  resdess,  rslept  ill  that  night,  and  the 
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next  morning  was  surprized  with  an  eruption  of 
the  catamenia.  I  was  not  alarmed  at  thi$^  asl 
had  known  similar  circumstances;  I  requested 
her  to  keep  at  home  and  do  nothing:  after  the 
third  day  they  disappeared ;  the  swelling  of  bcr 
foot  subsided,  she  recovered  the  strength  and 
use  of  the  limb,  and  returned  into  Sussex  per- 
fectly well. 

By  fricfiori. 

Intermittent  complaints  were  extremely  fix- 
([juent  in  the  years  1780  and  81,  insomuch  that 
the  failure  of  the  Peruvian  bark,  which  bad  been 
considered  as  a  specific  in  this  disorder,  was  re- 
ifaarked  by  many  practitioners,  and  hence  the  red 
bark  was  introduced.  % 

Several  patients  were  submitted  to  the  experi- 
ments of  electricity,  when  other  mqans  failed  of 
success;  and  the  result  of  repeated  experiments 
was  remarkable. 


A  young  man,  aged  22,  had  been  six  months 
afflicted  with  an  ague,  which  at  its  commence- 
ment was  a  tertian,  and  degenerated  into  a  quar- 
tan ague;  he  had  taken  the  cortex,  and  various 
other  remedies  without  success;  he  was  much 
emaciated:  I  electrified  him  with  frictions,  di- 
rected  him  to  try  the  bark  again,  and  to  corqe 
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when  he  expected  his  next  fit.  The  bark  would 
not  stay  upon  his  stomachy  but  he  came  on  the 
day  he  expected  his  fit,  one  hour  previous  to  its 
usual  time.  I  placed  him  in  the  insulated  chair^ 
and  applying  the  bail  of  the  glass-mounted  direc- 
tor, connected  to  the  prime  conductor  by  a  wire, 
to  the  region  of  the  stomach,  I  poured  a  stream 
of  electric  sparks  into  the  stomach,  and  extracted 
them  by  a  brass  ball  applied  up  and  down  the 
spine:  he  perceived  himself  warm  and  easy,  yet 
at  the  expected  time  his  rigor  attacked  him. 
I  immediately  electrified  him  again  in  the  same 
manner,  and  in  less  than  three  minutes  his  rigor 
ceased:  in  fifteen  minutes  the  rigor  returned, 
I  repeated  the  operation  with  the  same  effect ;  his 
pulse  now  quickened,  and  the  fever  came  on;  h^ 
went  home  and  into  his  bed,  the  sweat  succeeded, 
and  the  paroxism  ceased :  the  succeeding  day  he 
found  himself  much  better  than  usual.  I  conti- 
nued to  electrify  him  in  the  same  mariner  the  four 
following  days,  and  his  fit  did  not  return;  then 
I  directed  him  to  take  the  cortex  in  powder, 
which  agreed  well  with  his  stomach,  and  his  ague 
was  cured. 


Mr.  Salfinstall,  hearing  of  this  case,  requested 
me  to  electrify  a  patient  of  his,  who  had  a  quartan 
ague,  which  resisted  the  cortex  and  other  reme- 
dies.    I  applied  the  sparks  to  him  in  the  same 


522  MS*  JOHN  BIBCH's  LETTEB 

manner,  and  at  the  access  of  the  cold  &,  with 
equal  success.  After  being  ekctrified,  the  cortex 
would  rest  upon  bis  stomach,  and  his  ague  nerer 
xetumed. 


A  serrant  in  my  neighbourhood  had  been  &r 
many  months  afflicted  with  a  quartan  ague,  ibr 
which  he  had  taken  a  variety  of  remedies  with 
very  little  relief.  In  April  1780,  he  was  tor- 
mented with  a  periodical  pain  in  his  head,  pre- 
ceded by  shiverings,  and  attended  with  fever. 
A  physician  directed  for  him  a  vomit,  and  the 
cortex  to  be  freely  taken  after  it:  this  jndidons 
treatment  however  gave  no  respite  to  his  paui,  or 
alleviation  to  his  sufierings;  I  was  therefore  in- 
duced from  compassion  to  try  the  efiects  of  elec- 
tricity on  his  case.  J  insulated  him,  and  passed 
the  stream  of  electric  fluid  from  tbc  forehead 
through  the  back  of  the  head ;  this  speedily  gave 
ease,  but  only  for  a  few  minutes:  I  then  covered 
the  head  with  flannel,  and  robbed  the  sparks 
along  the  os  frontis,  extracting  thciA  from  the 
occiput  for  a  few  minutes.  This  application  suc- 
ceeded, his  pain  ceased,  he  passed  a  comfortable 
evening,  and  slept  well  at  night;  but  about  an 
hour  after  he  rose  in  the  morning,  his  pain  re- 
turned as  violent  as  ever:  ,he  came,  and  I  repeated 
the  frictions  as  before,  but  could  gain  only  a 
momentar}'   intermission  of  his   ang^ish.     I  re- 


s6lVed  theiicfor^  td  tty  the  effect  of  a'gfelitk  shock 
through  the  affected  part;  his  pain  was  instantly 
removed  to  another  part:  I  i*epeated  the  shock  ifi 
the  direction  be  pointed^  the  pain  vatiish^d,  and 
never  returned.  By  the  advice  of  the  physician, 
he  continued  the  bark  a  few  days,  and  recovered 
his  health. 


A  maid  servant  was  afflicted  with  a  similar 
comJ)laint,  which  resisted  the  bark:  I  efectrified 
her  with  the  sparks,  and  stopped  the  pain.  She 
remained  well  fourteen  days,  and  then  an  heavy 
wash  renewed  the  pain :  I  electrified  her  a  sfecotid 
time  in  the  same  manner,  and  completed  het*  cure. 


A  servant  in  the  Temple  had  been  long  afflicted 
with  a  quartan;  I  electrified  him  at  the  access  of 
the  cold  fit,  by  the  frictions  applied  to  the  sto- 
mach and  extracted  from  the  spine,  and  stopped 
the  rigor;  no  fever  ensued,  a-nd  he  remained  well 
one  month.  \Vhen  waiting  for  his  master  at  tbe 
House  of  Commons,  he  got  wet,  and  his  ague 
returned;  he  then  took  a  vomit  and  two  ounces  of 
gpod  bark,  but  his  ague  continued.  I  began 
again  with  electric  frictions,  and  succeeded  in 
stopping  the  fit  the  first  time  I  applied  them: 
I  afterwards  electrified  him  cvt^ry  fourth  day,  for 
pne  month,  and  his  ague  did  not  return. 


V 
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I  did  not  escape  myself  from  an  attack  of  in^ 
termittent  fever.  My  friend,  Dr.  George  Fardyce^ 
directed  me  an  emetic^  and  some  febrifuge 
draughts;  after  the  second  fit^  be  ordered  the 
cortex^  of  which  I  took  ah  ounce  and  an  half, 
and  I  flattered  myself  with  success,  for  several 
hours  elapsed  beyond  the  expected  time  q(  the 
returning  paroxism.  Just  as  I  was  sitting  down 
to  dinner,  a  nausea  and  chillness  seized  me^  my 
pui^e  quickened^  and  the  fever  approached :  I  or- 
dered my  bed  to  be  prepared,  but  I  wished  to 
experience  the  sensation  of  electricity  under  this 
state  of  approaching  fever;  accordingly  I  was  in- 
sulated, and  frictions  passed  through  the  stomach 
and  spine.  The  feci  was  vastly  agreeable,  a  glow 
returned  upon  my  skin^'  and  the  quickness  of  m}' 
pulse  abated :  on  my  return  to  the  dining-room, 
I  found  the  efHuvia  of  the  table  no):  disagreeable 
to  me,  I  could  have  tasted  something,  but  I  re- 
frained. I  sat  by  the  fire  fifteen  minutes,  and 
found  myself  revive:  before  I  went  up  stairs,  I 
repeated  the  electric  frictions,  and  when  I  reached 
my  dressing-room,  I  was  too  well  to  go  to  bed; 
so  I  amused  myself  with  reading  for  an  hour, 
when  I  found  myself  perfectly  easy,  free  from 
heat  or  thirst,  my  pulse  quite  moderate,  and  my 
stomach  wishing  for  food:  1  took  only  some  tea, 
with  bread  and  butter;  at  supper-time  I  eat  some 
vegetable,  and  went  to  bed  at  twelve  quite  well. 
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I  continued  well  the  next  day^  went  abroad^  and 
had  appetite;  I  resolved  to  take  no  medicine  for 
the  sake  of  the  experiment.  I  passed  a  good 
nighty  but  at  eight  o'clock  in  the  morning  I  found 
the  fever  beginning  its  attack:  I  rose  immediately, 
and  ran  to  the  machine;  I  was  electrified  in  the 
same  manner,  and  the  symptoms  flew  before  it. 
I  remained  well  that  day  and  the  next,  but  the 
following  morning,  at  nine  o'clock,  I  began 
again  to  change;  the  electric  machine  was  a 
third  time  applied  to  with  equal  success;  and 
irom  that  period  I  never  had  any  return  of  ipy 
complaints. 

A  young  lady,  during  the  month  of  her  laying- 
in,  was  seized  with  a  paralytic  affection  of  the 
muscles  on  one  side  her  face;  the  eye-lid  dropped, 
and  the  mouth  was  drawn  on  one  side;  stimulants 
were  applied  to  the  part  without  relief:  when  she 
was  able  to  go  abroad,  she  came  to  consult  me. 
I  covered  that  side  of  the  face  with  her  shawl,  and 
drew  the  fluid  through  it,  first  with  a  piece  of 
wood,  and  a  few  days  after  with  a  brass  ball  in  a 
wooden  handle;  the  cheek  on  the  affected  side 
was  flushed  with  a  beautiful  vermilion  colour 
every  day,  for  several  hours  after  the  application; 
in  less  than  three  weeks  she  was  perfectly  reco* 
vcred. 
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These  local  attacks  are  not  uncominon;  and, 
when  unattended  by  further  symptoms^  are  not 
considered  of  much  moment. 


A  young  man,  aged  23,  was  seized  with  a  pa- 
ralysis, which  affected  his  speech  and  the  muscles 
of  his  face  and  arm.  Finding  little  relief  from 
the  usual  remedies,  he  applied  to  electricity ;  by 
the  use  of  powerful  frictions  with  a  metallic  ball, 
he  was  completely  recovered  in  about  one  month* 


An  old  man,  who  for  three  years  had  been 
groaning  under  the  affliction  of  an  hemiphlegia^ 
and  who,  though  weahhy,  had  not  the  heart  to 
apply  to  a  physician  for  aid,  and  had  too  much 
pride  to  ask  relief  from  an  hospital,  came  recom- 
mended for  advice.  I  insulated  him,  and  put  in 
use  powerful  electric  frictions,  which  perfectly 
cured  him  within  one  month. 


A  gentleman,  who  had  been  many  years  an 
invalid,  but  who  had  attained  his  6Qth  year,  being 
opposed  to  a  bleak  wind,  was  biighted,  if  I  may 
be  allowed  the  expression,  on  the  exposed  side; 
the  muscles  on  that  side  his  face  entirely  lost  their 
action,  his  eye-lid  dropped,  his  tongue  hung  slob- 
bering from  his  mouthy  his  face  was  draiyn  on  one 
aide,  his  speech  aftccLed.  and  his  arm  and  hand' 
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benumbed;  his  leg  was  but  slightly  attacked.    Iti 
this  situation  he  advised  with  Dr.  Hugh  Smithy 
who  was  no  inactive  practitioner;  but  during  a 
month  he  received  little  or  no  benefit.     By  the 
Doctor's  advice^  he  applied  to  me:    I  confess^ 
I  despaired  of  being  able  to  render  any  relief  to 
this  patient,  whose  habit  of  infirmity  was  not  un* 
known  to  me;  but,  being  urged  by  a  lady  of  his 
acquaintance  to  leave  no  exertion  untried,  I  ven- 
tured on  the  experiment;  and  the  rather,  because 
this  lady,  who  was  an  infidel  respecting  eleotri* 
city,  declared,  if  her  friend's  case  was  relieved, 
she  would  give  credit  to  all  she  had  heard.    The 
method  I  put  in  use,  was  insulation  and  electric 
frictions,  which  from  day  to  day  gained  visible 
advantage,  and  in  a  few  weeks  established  a  cure; 
my  patient  being  able  to  ride,' and  take  sufEcient 
exercise,  besides  attending  to  an  intricate  train  of 
professional  business,  which  called  for  his  mental 
exertions.     In  the  long  vacation,  nc  journied  to 
Wales,  and  returned  in  the  winter  in  much  better 
health  than  he  had  been  accustomed  to  ^enjoy. 
£very  spring,  for  three  successive  years,  he  wished 
to  have  a  course  of  electrical  operations,  which  be 
thought  reanimated  his  nerves.    He  is  at  present 
living,  and  enjoying  a  state  of  health,  enabling 

him  to  use  daily  horse  exercise,  with  a  cheerful 

» 

mind  and  a  vigour  of  healtlf  which  indicate  no 
probability  of  bis  closing  the  period  of  bis  c^is-- 
tence  speedily. 
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Cases  of  the  electric  poiVer  applied  in  the  form 

.    of  shock. 

A  boy  of  i2  jears  old,  in  the  workhouse  of 
St.    Clement's   parish^   had  been   left  there  two 
years  with  a  fixed  jaw,  and  with  an  enlargement 
of  the  glands  from  the  submaxillary  to  the  cla- 
vicle. 

.  He  had  been  in  St.  Thdmas's  Hospital  without 
receiving  benefit:  he  took  his  food  through  an 
aperture  left  by  the  loss  of  two  teeth;  and,  ex- 
cepting this  local  malady,  was  in  good  health  and 
spirits.  As  it  was  customary  for  the  children  to 
flock  about  the  machine,  I  one  day  passed  a  mo- 
derate shock  through  the  masseter  muscles  and 
angles  of  the  lower  jaw.  On  my  next  visit  to  the. 
house>  the  master  surprized  me  with  saying,  the 
boy  had  been  able  to  separate  his  teeth  ever  since! 
this  unexpected  amendment  induced  me  to  repeat 
the  application.  On  the  $econd  repetition,  I  per- 
ceived evident  advantage;  1  therefore  daily  at- 
tended to  it,  and  passed  some  shocks  through  the 
enlarged  glands,  one  of  which  in  about  fourteen 
days,  came  to  suppuration:  the  discharge  from 
this  assisted  the  relaxation  of  the  jaw,  and  gave 
me  an  opportunity  to  discover  a  large  portion  of 
diseased  bone,  which  I  extracted  a  few  days  after. 
The  pain  of  extracting  this  portion  of  the  jaw 
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brought  on  the  spasm,  which  was  completely 
relieved  the  next  day;  by  the  application  of  the 
shocks; 

The  cause  of  the  disease  being  thus  removed, 
nature  effected  the  remainder  of  the  cure,  by  dis- 
persing the  enlarged  glands  with  th6  help  of  elec- 
tricity, supplying  the  chasm  made  by  the  exfoli- 
ation, and  restoring  the  lad^  whd  was  very  much 
disfigured  by  the  disease,  to  a  decent  and  not 
uncomely  countenance;  in  consequence  of  which, 
his  parents  relieved  the  parish  of  his  burthen,  by 
apprent^icing  him  to  their  trade. 


A  young  woman,  who  came  into  the  work- 
house pregnant,  had  been  obliged  to  labour  al- 
most bare-foot^  during  the  latter  stages  of  her 
pregnancy,  in  cold  and  wet  situations.  On  her 
recovery  from  child-birth,  her  legs  and  feet  were 
numbed  and  cold,  her  ankles  extremely  weak  and 
'  painful ;  when  she  attempted  to  standi  she  had 
great  [»in  in  her  ankles  and  trembling.  Having 
recovered  her  health  in  every  other  respect,  and 
the  apothecary  finding  general  remedies  of ,  no 
effect,  I  was  desired  to  try  the  experiment  of 
electricity.  I  passed  gentle  shocks  through  the 
ankles,  where  she  described  her  chief  complaint 
to  reside;  the  pain  was  instantly  relieved,  a  glow 
came  on  the  lower  limbs,  and  continued  for  some 
liours.     On  repeating  the  shocks  the  next  day,- 
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the  pain  was  removed  to  her  kne^,  and  did  not 
return  to  the  feet.  On  the  third  day,  after  being 
electrified,  she  was  able  to  walk,  but  the  nervous 
tremblings  still  affected  her:  I  therefore  passed 
gentle  shocks  from  day  to  day,  from  her  bands  to 
her  feet  in  cross  directions;  these  quickly  re* 
move^  her  tremblings,  she  gained  strength  daily, 
and  in  a  fortnight  went  out  of  the  house  perfectly 
well.  • 


A  fishmonger  in  my  neighbourhood,  who  had 
lost  the  sight  of  one  eye  in  his  youth,  applied  to 
mc,  with  an  acute  pain  in  his  head,  which  he  had 
suffered  for  some  weeks,  and  which  affected  the 
vision  of  his  other  eye.  The  pain  shot  from  his 
forehead  to  the  summit  of  the  cranium,  and  pro- 
duced convulsive  spasm  of  the  upper  extremities, 
which  were  followed  by  tremors  and  great  oppres- 
sion of  spirits*  Confiding  in  the  notion  of  the 
electric  shock  being  harmless^  under  proper  ma- 
nagement, I  did  not  hesitate  to  pass  one  through 
the  brain  in  the  direction  he  pcuoted  out,  that  is^ 
from  the  fi'ontal  sinus  to  the  summit  c^  the  cra- 
nium. He  was  instantly  relieved  from  his  acute 
pain,  the  sight  pf  his  eye  became  perfect^  and  he 
thought  himself  cured  as  by  magic. 

Not  trusting  to  the  permanency  of  such  sudden 
relief,  I  persuaded  him  to  let  me  repeat  the  shock ; 
after  which  I  passed  others  from  the  summit  d 
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the  cranium  to  the  vertebrae  of  the  neck,  and 
from  the  vertebrsB  of  the  neck  to  the  hands. 
I  prognosticated  his  pain  would  return  in  a  few 
hours. 

In  the  evening  the  pain  did  return,  but  was 
neither  so  violent  nor  of  so  long  duration.  I  re- 
peated the  shocks  the  next  day:  on  the  third  day 
he  said  his  pain  had  vanished,  but  the  weight  of 
his  bat  was  irksome  to  him;  on  repeating  the 
shocks  io  the  same  manner,  this  symptom  imme^ 
diately  disappeared,  and  he  could  wear  his  hat 
with  ease :  on  the  fourth  day  he  was  free  from  all 
complaints,  his  pain,  his  defect  of  vision,  his  tre- 
mors, and  his  oppression  of  spirits  had  quite  left 
him.  I  passed  the  shocks  again  for  the  last  time^ 
and  had  the  satisfaction  to  find,  a  long  while  after^ 
th^it  his  cure  remained  complete. 


A  young  woman  under  the  care  of  the  late 
Mr.  Elsey  surgeon  of  St.  Thomas's  Hospital,  had 
repeatedly  strained  her  wrist ;  in  consequence  of 
which  the  ligatnents  were  so  weakened,  and  the 
surrounding  partd  so  enlarged,  that  she  had  no 
use  of  her  hand.  I  would  have  undertaken  the 
cure  in  this  state,  but  Mr.  Else  thought  it  would 
give  way  to  the  successive  applications  of  steaming, 
blistering  .and  bandaging.  After  ten  months  in-^ 
effectual  trial  of  these  remedies,  he  deliviered  her 
ioto  .my  care.      She   had  acquired  some  smalJ 

1,1  2 
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degree  of  flexion  in  her  fingers,  and  some  little 
strength  in  her  wrist,  but  not  enough  to  grasp  a 
knife,  or  lift  the  smallest  weight.  My  mode  of 
electrifying  her  was,  passing  small  shocks  through 
the  parts  affected  every  day;  she  gained  sensible 
advantages  each  time  it  was  done,  and  in  fourteen 
days  I  presented  her  to  Mr.  Else  holding  a  pitcher 
in  that  hand  containing  two  quarts  of  liquor.  In 
a  few  days  after,  she  was  discharged  well  from  the 
hospital.  After  sfx  weeks,  she  presented  herself 
to  Mr.  Else  for  inspection;  her  hand  was  strong 
and  useful,  and  free  from  pain,  some  little  en- 
largement and  stiffness  remained  about  the  wrist 
joint,  which  yielded  to  the  repetition  of  the  shocks 
in  three  days;  but,  as  she  was  able  to  execute  the 
work  of  her  service  with  ease,  and  to  wash  and 
scour  rooms,  it  was  inconvenient  for  her  to  at- 
tend at  the  hospital  longer.  Six  years  after  her 
recovery,  she  again  strained  the  same  wrist,  in 
wringing  cloaths;  she  sought  me.  at  the  hospital^ 
and  I  again  electrified  her  in  the  same  manner* 
and  cured  her  completely.  The  last  application 
was  in  the  year  1785,  and  I  have  seen  her  within 
■  these  twelve  months  perfectly  wfclL 


Mr.  Else  being  satisfied  of  the  powers  of  elec- 
tricity by  the  preceding  case^  desired  me  td  take 
the  case  of  a  woman  in  St.  Thomas's  Hospital^ 
who,  after  recovering  from  a  fracture  of  the  knee- 
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pan,  by  a  second  fall  had  injured  the  patella  and 
its  ligaroent;  in  consequence  of  which,  consider- 
able 'tension,  pain,  and  enlargement  of  the  knee* 
joint,  and  of  the  whole  limb,  ensued.  It  had 
contimied  in  this  tumid  and  motionless  state  for 
eleven  weeks,  notwithstanding  cataplasms,  embro- 
cations, fomentations,  and  bandages  had  beeh  put 
in  us^. 

I  ventured  to  make  trial  of  the  dectric  shocks 
in  this  case,  aod  passed  several  through  the  joint 
and  through  the  whole  limb,  till  she  was  sensible 
of  an  unijsual  warmth,  which  immediately  re- 
jnoyed  her  pain;  for  three  hours  after,  she  felt  >a 
remarkable  throbbing,  iand  her  first  sleep  was  dis- 
turbed by  the  sensation  of  the  shock  passing 
through  the  limb,  a  symptom  not  at  all  unusuaL 
The  next  day  the  swelling  was  apparently  lesls, 
and  she  had  placed  her  shoe  on  her  foot  for  the 
first  time.     I  repeated  the  shocks. 

The  third  day  after  being  electrified,  she  was 
able  to  put  her  foot  to  the  ground.  On  the  fourth 
day  the  swelling  had  quite  subsided,  and  she  was 
able  tP  walk  with  one  crutch.  I  would  have  de- 
listed from  electrifying  hpr,  as  the  intention  of 
*  reducing  the  size  of  the  liipb  was  answered,  but 
she  requested  me'  to  continue  it,  in  hopes  it 
would  expedite  the  free  motion  of  the  limb.  At 
the  end  of  twelve  days,  she  was  able  to  walk  into 
the  street;  but,  having  left  off  a  bandage  by  ipy 
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direction,  lest  it  should  impede  circoladoii,  she 
perceived  a  crepitus  in  moving  the  limb,  which 
was  at  some  times  so  considerable  as  to  impede 
its  use,  and  to  produce  great  pain  and  some  swell* 
ing;  I  therefore  applied  a  proper  bandage^  which 
remedied  this  inconvenience,  and  she  was  dis- 
missed from  the  hospital  in  a  few  days  after. 


The  success  which  followed  the  application  of 
electricity  to  the  two  last  cases,  induced  Mr.  Else 
to  send  for  me  in  the  month  of  June  1 779,  to  a 
man  whom  he  had  taken  into  the  hospital  for  what 
^s  commonly  called  a  white  swelling  of  the  knee-- 
joint. The  disease  commenced  about  three  weeks 
before  his  admission ;  he  was  first,  attacked  with 
a  sharp  pain  under  the  patella,  which  was  followed 
by  a  ^welling,  the  agony  of  which  produced  a 
considerable  fcver^  which  lasted  nine  days,  and 
then  left  a  vast  enlargement  of  the  joint,  with  evi- 
dent fluctuation,  the  limb  contracted  and  wasted 
both  above  and  below  the  knee.  On  minute  exa- 
mination, the  inner  condyle  of  the  femur  was 
enlarged;  I  thought  this  circumstance  an  objec- 
tion to  my  experiment,  but  at  Mr.  Else^s  desire, 
\  began  tq  electrify  him  with  moderate  shocks^ 
which  produced  an  immediate  warmth  in  the  part 
continuing  for  four  hours  after.  I  visited  him 
every  day,  and  repeated  the  shocks.  On  the  third 
daiy,  he  could  set  his  foot  to  the  ground;   the 
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swelling  gradually  lessened  from  day  to  day,  the 
fluid  was  re-absorbed,  the  limb  gained  strength, 
the  muscles  filled  out,  and  at  the  end  of  the  fort- 
night he  was  able  to  walk  as  &r  as  Tower-hilU 
On  diat  day  he  omitted  to  be  electrified,  but  felt 
the  want  of  it  sensibly ;  I  resumed  the  shocks  the 
next  morning,  and  continued  them  to  the  end  of 
the  fifth  week,  when  the  tumor  of  the  soft  parts 
was  entirely  reduced,  the  contraction  of  the  limb 
removed,  its  size  restored,  and  the  leg  perfecdy 
useful.  He  was  desirous  of  returning  home, 
and  accondingly  was  presented  cured  from  the 
hospital. 

The  enlargement  of  the  inner  condyle  of  the 
femur  was  very  evident  when  the  tumor  of  the 
soft  parts  subsided ;  but,  on  examining  the  whole 
limb,  I  found  a  similar  appearance  at  the  lower 
extremity  of  the  tibia,  and  the  patient  told  me, 
that  about  ten  years  preceding,  when  a. boy,  he 
went  into  the  water  after  strong  exercise;  in  con-» 
sequence  of  which  he  lost  the  use  of  his  lower 
limbs,  which  confined  him  several  weeks  to  bis 
bed.  On  his  recovery,  these  two  swellings  were 
observed,  which  had  contitiued  ever  since  without 
much  inconvenience  to  him. 

Mr.  Else  giving  litde  credit  to  this  account, 
seemed  to  think  the  cure  incomplete;  but  I  had 
reason  from  particular  inquiry  to  think  the  fact 
was  as  the  patient  related,  and  therefore  it  jwas 
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agreed  the  man  should  present  himself  before  oa 
at  the  expiration  of  six  months^  which  be  accords 
ingly  did;  and  Mr.  Else  was  so  satisfied  of  the 
efFects  of  electricity,  as  to  declare,  he  would  never 
amputate  another  limb  for  this  complaint,  till  il 
had  been  properly  tried. 


In  the  month  of  September  following,  Mr.  Else 
desired  me  to  repeat  the  experiment,  which  had 
so  happily  succeeded  in  the  last  case,  on  a  boy, 
aged  16,  who  was  admitted  into  St,  Thomas's 
Hospital  with  a  similar  swelling  of  the  knee-joint 
The  lad's  account  was,,  that  on  the  19th  of  Au- 
gust, whilst  sleeping  in  a  chair,  he  was  seized 
with  an  acute  pain  about  the.  knee-pan,  which 
waked  him;  the  joint  became  immediately  stiiT, 
and  soon  after  began  to  swell ;  the  pain  increased, 
and  was  attended  with  a  considerable  degree  of 
fever  for  several  days:  when  the  tumoF  bad  iur 
creased  to  a  certain  degree,  the  pain  and  fever 
abated^  and  left  him  with  a  useless  limb,  much 
contracted,  and  incapable  of  touching  the  ground; 
the  muscles  above  and  below  the  joint  wasted, 
flaccid,  and  inelastic.  Some  blood  was  taken  from 
the  part  by  leeches,  but  without  any  relief, 

September  26th,  I  undertook  thp  treatment  of 
him;  I  passed  gentle  shocks,  as  in  the  former 
case,  until  the  part  felt  a  sensible  glow  of  beat. 
The  skin  was  so  much  distended,  that  it  had  a 
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shimng  appearance,  as  if  siQeared  over  with  the 
white  of  an  egg;  but  in  four  days>this  appearance 
left  bin) ;  the  bpy  fouQd  spme  strength,  and  much 
rnore  warmth  in  his  leg. . 

October  1st,  he  was  seized  with  a  diarrhoea,  at 
that  time  epidemic;  he  was  speedily  cured  by  the 
attention  of  the  physician ;  but  thi3  circumstance 
had  no  effect  on  his  knee.  On  the  4th  of  Octo- 
ber, my  apparatus  brokie,  and  being  sent  for  to 
Brighton,  he  was  left  without  any  aid  till  the  l6th, 
at  which  time  I  found  him  precisely  in  the  state 
I  bad  left  him^  I  then  resumed  the  shocks,  the 
good  effects  of  which  wer^  plainly  evident,  for  he 
pottld  immediately  nooye  the  jiinib  with  acquired 
facility.  He  now  began  tp  mend  very  fast ;  in  a 
few  days  he  flung  away  one  crutch,  and  shortly 
after  the  other. 

On  the  26th  of  October,  he  was  able  to  walk 
frono  the  Borough  to  Essex- street  in  the  Strand^ 
and  to  return  home  again,  with  the  assistance  of 
only  one  stick,  The  swelling  changed  from  tlic 
inner  condyle  of  the  femur  to  the  external  one, 
with  a  deep  seated  fluctuation  towards  the  patella; 
the  limb  was  restored  to  its  size  and  power,  the 
contraction  almost  removed,  and  the  swelling  very 
much  abated.  I  continued  the  stocks  till  the 
14th  of  November,  when  the  fluid  was  entirely 
absorbed,  the  contraction  removed,  the  limb  was 
slrong  and  perfectly  useful,  and  the  lad  being  de- 


538  MR.  JOHN  BIRCH*B  IBTTKK 

sirousof  retnming  to  his  business,  was  discharged 
from  the  hospital  well. 

I  examined  him  the  17  th  of  May,  1780,  and 
was  happy  to  find  he  had  been  perfectly  wdl  ever 
since. 


A  woman  was  admitted  into  St.  Thomases  Hos- 
pital, who  had  formerly  had  this  swelling  <^  the 
joint,  which  had  been  treated  with  fomentations^ 
leeches,  and  internal  remedies,  and  had  for  some 
time  a  discharge  by  two  issues  made  with  caustics 
on  each  side  the  patella.  The  amputation  of  the 
leg  had  by  these  means  been  postponed ;  but,  as 
the  knee  was  contracted,  and  the  limb  wasted  and 
useless,  the  patient  was  not  unwilling  to  have  it 
removed,  since  the  inconvenience  of  it  prevented 
her  going  to  service. 

I  first  thought  it  proper  to  try  the  effects  of  the 
electric  shock,  which  happily  succeeded  in  remov* 
ing  the  contraction,  and  giving  tone  to  the  mus- 
cles of  the  limb ;  so  that  in  a  few  weeks  the  woman 
left  the  hospital  perfectly  well. 


An  apothecary  in  Westminster,  who  had  been 
attacked  with  this  disease,  was  cured  by  the  tak- 
ing repeated  vomits  of  turbith  mineral ;  the  effects 
of  which,  however,  so  deranged  the  stomach,  that 
it  never  recovered  its  tone.  In  the  winter  of 
1783,  he  was  again  attacked  with  a  swelling  of 
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the  knee,  the  progress  of  which  was  extremely 
rapid,  and  he  was  incapable  of  checking  the  pain 
by  the  comfort  of  opium,  because  his  stomach 
rejected  both  food  and  physic.  In  an  extremity 
of  anguish,  with  an  high  symptomatic  fever,  de* 
jected  spirits,  resting  his  last  hope  on  the  relief  of 
Bath  waters,  but  incapable  of  any  motion,  he  sent 
for  me,  having  beard  of  the  success  I  had  met 
with  in  similar  cases.  When  I  got  to  his  house, 
Mr.  /.  Hunter  was  expected;  I  waited  to  consult 
with  him,  and  learning  the  hopeless  history  of  the 
case  from  him,  I  proposed  immediately  to  pass 
the  shock. 

The  patient  was  much  alarmed  at  ipy  proposal^ 
conceiving  in  the  agony  he  suffered,  that  an  elec- 
tric shock. would  increase  his  misery:  I  thought 
otherwise,  and  persuaded  him  to  try  the  experi- 
ment in  the  presence  of  Mr.  Hunter.  The  shock 
was.  not  painful,  as  he  expected ;  on  the.  contrary, 
he  bore  several  repetitions  of  it,  till  the  part  felt 
such  a  glow,  as  it  should  do  after  9  welUapplied 
fomentation.  I  left  him  rather  less  in  pain,  and 
much  satisfied  with  the  exf)eriment.  In  the  eve- 
ning, I  visited  him  «ngain*,  found  him  more  easy, 
with  a  less  frequent  pulse;  and  after  having  re- 
peated the  shocks,  he  was  able  to  move  himself 
from  one  side  of  the  bed  to  the  other.  He  got 
sufficient  sleep  that  night  to  refresh  him,  and  was 
sensibly  better  in  the  morning,     I  repeated  the 
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shof^ks  morning  and  evening:  on  the  second  day, 
be  was  able  to  get  out  of  bed  and  have  it  made; 
be  slept  well  that  night;  his  fever  subsided;  small 
doses  of  opium  abated  the  irritability  of  his  sto- 
mach. From  the  third  day,  he  gained  apparent 
advantage  each  time  he  was  electrified  t  at  the 
end  of  a  fortnight  he  was  able  to  ride  in  a  coach 
to  my  house :  at  the  expiration  of  three  weeks  be 
returned  his  visits,  walking  with  the  help  of  one 
^tick  {  in  a  month  he  was  perfectly  well. 


T^ 


A  gentleman  who  had  neglected  the  cure  of 
repeated  hernise  humerales  testis,  applied  to  me 
with  a  very  large  scirrhus  of  one  of  his  testes, 
which  I  first  attempted  to  resolve  by  mercurial 
frietion,  by  vomits,  cataplasms,  and  other  external 
applications.  These  active  remedies  failmg  of 
success,  I  consulted  Mr,  Else,  who  thoaght  cas- 
tration the  only  resource;  but,  a^  the  spermatic 
chord  was  not  enlarged,  he  advised  the  operation 
to  be  deferred  till  pain  approached. 

During  this  interval,  I  propos(;d  to  pass  the 
shock  of  a  jar,  which  would  contain  two  quarts  of 
water,  through  the  part;  the  pain  of  this  shock 
was  not  so  much  as  I  expected;  the  tumor, 
though  large  and  pendulous,  was  lifted  by  the 
action  of  the  cremaster  muscle  tight  up  to  the 
abdominal  ring;  a  considerable  heat  was  felt  for 
some  hours  in  the  part.     Nothing  further  was 
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done  for  a  months  at  which  period  I  thought  the 
hardness  notso  stoney,  and  proposed  to  repeat  the 
shock,  which  was  done.  He  went  out  of  town 
for  another  month ;  at  his  return,  I  could  plainly 
perceive  the  tumor  separated  into  three  bodies; 
I  therefore  repeated  the  shock.  He  went  far  dis-  ' 
tant,  and  did  not  return  to  London  for  nine 
months,  when  he  sent  to  me;  I  supposed  it  wa^ 
to  ilx  a  time  for  the  operation,  but,  to  my  asto-- 
iiishment,  it  was  to  shew  me  the  dissolution  of 
the  tumor.  This  cure  has  remained  perfectly 
weir  ever  since;  and  if  there  is  any  difference  be- 
tween the  testes,  it  is,  that  the  diseased  one  is 
rather  the  smaller. 

NOTE. 

Tale  an  orange,  or  an  onion,  place  the  direc- 
tors on  its  opposite  sides,  and  pass  a  small  shock, 
it  will  be  conducted  round  from  one  director  to 
the  other  by  the  fluids  in  the  fruit;  but  pass  a 
considerable  shock  from  a  large  jar,  it  will  illumi- 
nate the  whole  body,  and  pervade  every  part  of  it.    ' 

Does  not  this  point  out  the  propriety  of  large 
shocks,  when  a  scirrhous  gland  is  to  be  roused 
into  action? 


V 


A  gentleman,  who  had  been  under  the  care  of 
Mr.  Hunter  for  a  scirrhous  testis,  >and  who  was 
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recommended  by  him  to  try  electricity,  applied 
to  me  for  that  purpose,.  As  his  habit  was  weak- 
ened by  mercurial  frictions,  which  had  been 
put  in  usCy  I  thought  it  adviseable  to  direct  him 
the  bark,  and  to  postpone  the  shocks  till  he  had 
recovered  his  strength. 

The  spermatic  chord  was  free  from  disease, 
though  the  testis  was  much  enlarged,  and  very 
Jiard.  I  began  with  passing  strong  shocks,  as  in 
the  former  case,  through  the  tumor  in  different 
directions;  but,  as  his  residence  was  a  few  miles 
from  London,  it  ^yas  agreed  he  should  visit  me 
twice  in  a  week.  These  strong  shocks  were 
therefore  regularly  applied  at  the  appointed  times, 
and  it  was  one  month  before  I  perceived  any  alte- 
ration, when  the  tumor  began  to  separate  into 
two  bodies.  From  this  time  it  gradually  lessened, 
the  epididymis  and  the  body  of  the  testis  being 
first  distinguishable  from  each  other,  the  testis 
next  becoming  softer  and  diminishing,  and  the 
hardness  of  the  epididymis  lastly  disappearing. 

While  I  was  pleasing  myself  with  the  hope, 
that  the  success  of  electricity  in  this  case  would 
be  a  Sufficient  proof  of  its  superior  power  to  other 
fiemedies  in  local  obstruction^  the'left  testis  began 
to  be  enlarged,  I  knew  not  how  to  account  for 
this,  unless  from  some  general  affection  of  the 
glandular  system;  and  yet,  under  such  a  tendency 
to  diseafic^  I  .could  not  satisfy  myself,  why  the 
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Other  testis  should  have  yielded  to  my  local  treat- 
ment. 

While  in  this  state  of  suspense^  I  resolved  not 
to  try  the  effect  of  a  shock,  till  some  other  symp- 
tom should  direct  me  further  in  the  cause.  In  a 
little  time,  an  external  inflammation  appeared; 
and  then  I  was  given  to  understand,  that  the  ra- 
dical cure  x>f  the  hydrocele  by  caustic  had  been 
made  on  that  side  by  Mr.  Else  some  years  before ; 
I  therefore  conjectured,  that  such  part  of  the 
tunica  vaginalis  as  had  not  been  destroyed,  but 
had  been  left  adhering  to  the  tunica  albuginea, 
was  suppurating.  I  applied  a  cataplasm  of  ferina 
semin.  lini,  and  the  skin  burst  and  discharged* 
After  the  inflammation  ceased,  hardness  and  tu- 
mor surrounded  the  orifice:  I  then  passed  shocks 
through  the  diseased  part,  and  covered  the  orifice 
of  the  opening  with  lint,  applying  the  lotion  of  a 
solutbn  of  white  vitriol  over  it.  After  passing 
the  shocks,  the  discharge  was  always  increased; 
the  hardness  disappeared  gradually,  and  when 
the  parts  recovered  their  natural  state,  the  orifice 
closed. 

As  I  have  occasionally  the  pleasure  of  seeing 
this  gentleman,  I  learn  from  him,  that  he  not 
only  remains  well,  but  that  the  functions  of  the 
parts  are  restored,  and  their  secretion  perfect, 
though  moilerate. 
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A  dragoon,  who  was  in  St.  Thomas's  Hospital 
at  the  time  of  my  election,  had  received  a  contu- 
sion on  one  df  his  testes^  Wbidh  hsfd  terminated 
in  a  scirrhus;  it  had  l-esisted  all  the  usual  applica- 
lions/and  he  came  td  the  hdspitSI  to  be  castrated. 
I  thought  it  first  advistable  he  shonld  take  the 
chance  of  thtv  electric  shock,  which  was  adminis- 
tered daily;  and  in  six  weeks  I  discharged  him 
from  the  hospital  curec;); 


A  Serjeant  of  the  Sussex  militia  tvas  sent  to  the 
hospital  with  a  ^scirrhous  testis,^  which  the  late 
Mr.  Bay  ford  had  condemned  to  the  knife;  as 
indeed  any  expefienced  stirgeOn,  tmacquaintcd 
with  the  powers  of  electricity,  would  hate  done. 
I  thought  proper  to  try  the*  effects  of  strong 
shocks  in  this  case,  which  were  accordingly  passed 
through  the  testis.  The  first  application  pro- 
duced a  good  deal  of  pain ;  on  repeating  tbem  the 
third  day,  some  fever  arose,  and  the  weather 
being  hot^  I  sent  the  man  to  quarters  at  New- 
ington,  where  he  speedily  recovered.  On  exa- 
mining the  part  at  his  return,  I  found  the  mass 
of  tumor  beginning  to  part  into  portions;  I  then 
began  to  pass  shocks,  but  Considerably  smaller 
than  at  first.  This  mode  agreed  well  with  him, 
and  the  testis  was  gradually  diminishing;  but, 
willing  to  know  if  the  larger  shocks  were  the 
cause  of  his  first  fever,  I  passed  one;  his  pain  was 
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great,  his  fever  followed.  I  sent  him  again  out 
of  the  hospital  till  he  recovered;  on  his  return, 
the  testis  was  much  diminished,  and  small  shocks 
daily  repeated  completed  his  cure. 


A  negro  servant  was  admitted  into  the  hospital, 
under  Dr.  Bland's  care,  with  a  scirrhous  testis- 
The  Doctor  desired  me  to  try  the  electric  shock, 
which  was  administered  in  the  same  manner  as  in 
the  former  cases;  and  he  was  presented  out  of  the 
hospital  in  two  months  cured. 


A  coach-painter  was  seizecf  w^ith  so  violent  an 
inflammation  of  the  body  of  the  testis,  that  a  li- 
beral use  of  bleeding,  evacuations,  and  opiates 
gave  him  no  relief.  On  the  third  day,  I  found 
it  would  terminate  in  an  abscess;  to  prevent  which, 
I  proposed  to  pass  small  electric  shocks  through 
the  part,  which  I  accordingly  did;  the  first  was 
followed  by  some  respite  of  pain.  I  repeated  them 
every  four  hours,  and  the  pext  day  the  pain  apd 
inflammation  bad  so  much  subsided,  that  the  fear 
of  a  sapparation  vanished.  I  continued  the  small 
shocks,  but  less  frequent,  and  at  the  end  of  one 
week  the  cure  was  completed. 


A^man  was  admitted  into  St;  Thomases  Hospi- 
tal',) with  a  scirrhous  testis.  On  a  consultation,  it 
was  8Upp<ise4  he  must  part  with  it,  but  it  wa?r 
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judged  proper  to  try  the  electric  shocks  first.  I 
passed  considerable  strong  shocks,  without  any 
inconvenience  to  the  patient;  but  the  result  was 
not  as  had  been  usual;  for  an  abscess,  formed 
I  believe  in  the  body  of  the  testis,  burst  and  dis~ 
charged  externally.  Electricity  was  omitted^  and 
a  soft  cataplasm  of  linseed  applied;  the  wound 
healed,  but  round  the  cicatrix  was  considerable 
hardness  and  induration.  I  then  resumed  the 
shocks,  another  suppuration  took  place,  discharged^ 
and  would  have  closed,  but  I  repeated  the  shocks; 
and  after  each  time  I  passed  them,  the  discharge 
increased  and  the  hardness  dissolved.  This  mode 
was  continued  till  the  substance  of  the  testis 
seemed  in  great  measure  melted  away.  When 
all  induration  ceased,  I  suffered  the  wound  to 
close,  and  the  patient  left  the  hospital  cured. 

I  see  this  man  frequently;  some  years  have 
now  elapsed  since  he  was  in  the  hospital;  he  con- 
tinues perfectly  well. 

..i 

A  gentleman,  aged  26,  in  perfect  health,  went 
into  the  country  to  pursue  the  pleasures  of  the 
chace;  the  strong  exercise  which  he  used^  and 
the  little  temptation  he  met  with,  made  him  in- 
different about  softer  pleasures.  At  length,  this 
indifference  amounted  to  a  loss  of  power;  and 
alarmed  at  this,  he  applied  to  a  physician  of  emi* 
nence,    who  treated  bim  with  great  judgment. 
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but  without  success.  The  medicines  all  agreed 
with  his  stomachy  he  took  them  in  powerful  doses> 
but  no  good  effects  followed  them.  After  the 
inability  had  continued  twelve  months,  the  phy- 
sician directed  him  to  apply  to  me  for  experiment. 
The  experiment  had  been  tried  on  animals  with  - 
success;  I  therefore  passed  gentle  shocks  through 
both  the  testes^  supposing  (heii*  deficiency  of  se- 
cretion was  the  cause  of  the  cotnplaint*  These 
were  continued  daily,  and  before  the  end  of  one 
week  it  was  evident  their  secretion  was  restored. 
The  patient,  however,  was  so  impressed  with  the 
timor  afiimif  that  he  chose  to  continue  the  remedy 
a  month  before  he  satisfied  himself  of  a  perfect 
cure. 

I  saw  him  three  years  after,  when  he  informed 
me  he  continued  well. 


In  the  month  of  November^  1787^  a  porter  of 
the  India  warehouses  was  sent  to  me  by  a  lady  of 
great  humanity  for  advice,  being  in  a  state  of 
melancholy,  induced  by  the  death  of  one  of  his 
children.  Seven  years  before,  he  had  been  seized 
in  the  same  manner  from  a  similar  event,  but 
recovered  from  it  in  a  short  time  without  medical 
aid.  In  the  year  1783,  he  was  a  second  time 
seized,  and  remaiujsd  in  this  melancholy  state  up- 
wards of  twelve  months,    although  every  propea' 

advice  was  called  to  bis  assistance. 

« 
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He  had  been  two  months  afflicted  when  I  first 
«aw  him.  He  was  quiet,  would  suffer  his  wife  to 
\  lead  him.  about  the  house,  but  he  never  spoke  to 
her;  he  sighed  frequently,  and  was  inattentive 
to  every  thing  that  passed;  his  appetite  and  sleep 
were  moderate,  his  body  regular,  and  his  pulse 
weak  and  slow. 

I  covered  his  head  with  a  flannel,  and  rubbed 
the  electric  sparks  all  over  the  cranium ;  he  seemed 
to  feel  it  disagreeable,  but  said  nothing. 

On  the  second  visit,  finding  no  inconvenience 
had  ensued,  I  passed  six  small  shocks  through  the 
brain  in  different  directions.  As  soon  as  be  got 
into  an  adjoining  room  and  saw  his  wife,  he  spoke 
to  her,  and  in  the  evening  was  cheerful,  express- 
ing hiinselt^as  if  he  thought  he  should  soon  go  to 
his  work  again:  I  repeated  the  shocks  in  like 
manner  on  the  third  and  the  fourth  day;  after 
which  he  went  to  work.  I  desired  to  see  him 
every  Sunday,  which  I  did  for  three  months  after, 
and  he  remained  perfectly  well.  I  then  dismissed 
him,  with  a  request  that  I  might  be  acquainted  if 
ever  he  had  occasion  for  advice.  In  the  latter 
end  of  August,  179I,  the  woman  again  applied  to 
me;  her  husband  had  continued  weU  till  that  time, 
but  then  had  a  recurrence  of  his  liielancboly 
without  any  proximate  cause.  As  he  bad  appa- 
rent feverish  symptoms,  I  did  not  tbink  bim  in  U 
fit  state  for  the  electric  shock;  I  therefore  advised 
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him  to  apply  for  medical  aid^  and  to  the  hospital, 
it  he  grew  worse,  as  I  was  leaving  town.  I  am 
wnaccjuainted  with  the  sequel. 


One  of  the  public  singers,  from  a  variety  of- 
distrefising  causes,  became  extremely  melancholy; 
bis  disease  gained  ground  upon  him  so  much,  that 
he  was  totally  incapable  of  taking  an  employment 
which  a  kind  friend  had  procured  for  him;  and 
was  therefore  sent  to  me  for  advice.  He  had  no 
fever,  his  appetite  was  moderate,  his  body  regular, 
but  his  depression  of  spirits  excessive.  Consider- 
ing this  in  the  same  light  as  the  former  case, 
I  began  with  passing  shocks  through  the  head, 
about  six  in  number,  and  directed  him  to  call  the 
next  day.  He  said  he  had  rested  better.  The 
shocks  were  repeated  daily;  his  accounts  were 
daily  more  favourable.  Within  a  fortnight,  he 
asked  me  if  he  should  accept  an  offer  to  sing  at 
one  of  the  summer  theatres;  I  told  him,  if  he 
thought  himself  capable  of  undertaking  it,  he 
should,  for  employment  would  divert  his  mind. 
He  accordmgly  attended  some  rehearsals.  I  elec- 
trified him  after  the  first  fortnight  every  other  day. 
He  anxiously  waited  from  time  to  time,  t6  find  me 
^t  leisure  for  a  conversation,  which  took  place  at 
the  end  of  the  month,  when  I  pronounced  him 
well  enough  to  undertake  his  engagement:  h^ 
then  informed  me,  that  his  apxicty  had  arisen 
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from  a  wish  be  bad  to  impress  me  with  the  change 
which  the  first  operation  of  electricity  made  in  bis 
mind.  For  some  few  days^  previous  to  his  con- 
sulting me,  he  declared  he  had  at  several  times 
determined  to  put  a  period  to  his  life;  for  this 
purpose  he  had  pensively  walked  along  the  banks 
of  the  Serpentine  river  in  Hyde  Park,  when  a 
thought  of  religion  impressed  him  with  the  horror 
of  the  design.  At  another  time,  he  had  the  razor 
in  his  hand,  when  the  footsteps  of  a  friend  stopped 
his  purpose.  He  bad  resolved  however  to  effect 
it,  and  was  in  the  most  distressful  agitation  about 
It,  the  morning  he  first  applied  to  me.  In  the 
evening  of  that  day,  he  declared  be  was  sensible 
of  the  divine  interposition  in  preventing  his  wicked 
design;  that  be  found  himself  able  to  return 
thanks;  and  this  relief  of  bis  mind  was  followed 
by  a  refreshing  sleep,  from  which  he  awoke  a  new 
being;  that  be  felt  sensible  of  the  powers  of  elec- 
tricity every  day  after  its  application,  being  capa- 
ble of  mental  exertions  immediately.  He  could 
not  be  satisfied,  he  said,  without  making  this  de- 
claration to  me,  as  no  one  but  himself  could  have 
an  adequate  idea  of  the  sudden  change  the  first 
electric  shocks  wrought  in  his  mind. 

After  this  conversation  I  dismissed  him,  and  he 
fulfilled  his  engagement  that  summer  with  his 
usual  applause. 


■I 
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A  gentleman  who  had  been  long  a  patient  of 
Dr.  Monroy  with  a  moping  melancholy,  and  who 
had  reached  the  age  of  26  without  any  relief,  was 
brought  to  me,  by  the  consent  of  the  Doctor,  for 
experiment.  As  I  had  passed  shocks  through  the 
brain  with  such  advantage,  I  thought  this  a  proper 
case  to  carry  the  experiment  as  far  as  prudence 
would  direct.  I  therefore  took  a  Leyden  jar, 
which  contained  J 1 2  square  inches  of  coated  sur- 
face, and  passed  two  strong  shocks  from  it,  in 
directions  from  the  frontal  to  the  occipital  bone, 
and  from  one  temporal  bone  to  the  other.  The 
patient  w^is  at  first  surprized,  not  stunned  with 
the  shock,  and  in  a  few  minutes  desired  me  to 
repeat  it  if  I  pleased.  The  next  day,  he  sat  down 
with  firmness,  and  as  no  inconvenience  had  oc- 
curred  from  the  shocks,  I  increased  the  strength, 
and  passed  two  shocks  in  the  same  direction  as 
before.  On  the  third  day,  he  was  reported  to 
have  found  no  sort  of  inconvenience  or  alteration 
from  the  experiments;  so  I  ventured  to  pass  the 
full  force  of  the  jar;  this  likewise  produced  no 
other  effect  than  a  slight  hcad-ach,  which  lasted 
for  an  hour.  I  chose  to  omit  two  days,  and  then 
repeat  the  experiment;  the  patient  strongly  ex- 
pressing himself  satisfied,  that  this  was  the  most 
likely  means  to  do  him  service.  I  was  myself 
most  surprized,  that  I  could  practice  so  boldly, 
without  any  serious  inconvenience  to  the  brain ; 
and  having  carried  the  experiments  as  far  as  I 
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wished^  I  dismissed  the  patient  in  the  same  un< 
happy  state  he  had  so  long  suffered. 


Two  years  since,  I  was  directed  by  two  eminent 
physicians  to  electrify  a  gentleman  who  had  not 
secreted  a  drop  of  urine  for  nine  days:    every 
means  to  procure  a  return  of  the  secretion  bad 
been  put  in  use.     It  was  remarkable,   that  the. 
patient  suffered  no  apparent  inconvenience,  nor 
had  any  particular  alarming  symptom  from  this 
want  of  secretion.     I  passed  slight  shocks  from 
the  region   of  the  kidneys  to    the    perinaeum, 
through  the  lu'inary  passages;  in  eight  hours  after, 
about  three  ounce3  of  a  dark-coloured  fluid  (not 
bloody)    passed  from  the  bladder;    after  the  se- 
pbnd  application  of  the  shocks,  four  ounces  of  a 
fluid,   having  the  colour,  but  not  the  smell  of 
urine,  passed  in  a  few  hours:  the  next  day,  he 
was  electrified  mpming  and  evening,  and  passed 
about  twelve  ounces  of  urine;  the  following  day 
it  increased  to  a  pint;  the  fourth  day  he  passed  a 
natural  quantity  apd  seemed  well.     However,  the 
shocks  weVe  continued  a  few  days  longer,  during 
which  an  eruption  appeared  on  the  skin.     I  theq 
took  my  leave,  and  have  the  plea3ure  of  knowing 
the  patient  has  continued  well. 


The  same  year,  a  gentleman  in  good  health, 
and  of  regular  habits,  aged  about  50,  was  sdzed 
with  a  palsy  of  his  urinary  bladder;    for  several 
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days  his  water  had  been  regularly  drawn  off  by 
the  catheter:  he  had  been  duly  attended,  and 
well  advised  by  an  eminent  physician  and  a  sur- 
geon^ and  was  at  that  time  taking  a  course  of 
tincture  of  cantharides,  without  any  relief:  the 
parts  began  to  grow  tender  with  the  passing  of  the 
instrument.  I  passed  a  stream  of  electric  sparks 
from  the  pubis  to  the  pcrinaeum,  and  along  the 
inferior  part  of  the  spina  dorsi,  for  three  days, 
without  any  relief:  I  then  passed  gentle  shocks 
in  the  same  direction,  and  in  three  houi^  after  he 
was  able  to  expel  some  urine  by  the  muscular 
power  of  the  bladder.  I  saw  clearly  this  was  the 
mode  to  be  pursued;  I  repeated  the  shocks  with 
daily  advantage;  in  a  fortnight  the  cure  was 
completed,  the  patient  rode  on  horse>back, 
went  a  long  journey,  and  has  remained  well  ever 
since. 


An  elderly  gentleman,  whose  faculties  were 
gradually  leaving  him,  had  a  relaxation  of  the 
muscular  coat  of  the  bladder,  which  rendered  his 
company  offensive  to  his  visitors  and  attendants. 
As  I  foresaw  the  inconveniences  which  would  re- 
suit,  being  at  that  time  called  to  him  for  excoria- 
tions, I  proposed  passing  some  gentle  electric 
shocks  through  the  bladder,  in  hopes  of  restoring 
its  tone.  I  was  permitted  to  carry  my  advice  into 
execution:  he  went  out  in  his  carriage  after  the 
operation,   and  did  not  wet  hiinsclf  during  his 
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ride;  the  shocks  were  repeated  in  the  evening, 
and  he  held  his  water  the  night.  "The  next  day, 
his  pulse  was  too  quick  and  his  head  confused; 
I  did  not  therefore  repeat  the  shocks,  concluding 
they  had  occasioned  these  symptoms.  Towards 
night  these  symptoms  abated,  and,  as  the  bladder 
had  recovered  the  retentive  power,  I  had  no  fur- 
ther occasion  to  repeat  electricity. 


A  lady  upwards  of  70  years,  attacked  with  a 
paralysis,  which  gained  upon  her,  notwithstanding 
the  most  able  assistance,  from  the  involuntary 
flow  of  urine,  was  much  excoriated :  I  was  desired 
to  attend  her  on  this  account,  and  was  asked  to 
electrify  her  for  her  palsy.  Her  extreme  debilitj-, 
and  the  space  of  time  she  had  laboured  under  her 
increasing  disease,  rendered  all  prospect  of  reco- 
very hopeless;  I  therefore  proposed  to  confine  my 
endeavours  to  the  relief  of  that  symptom  which 
was  becoming  so  prejudicial  to  her,  and  passed  a 
few  shocks  from  the  os  pubis  to  the  coccigis,  di- 
recting proper  applications  to  be  made  to  the 
excoriated  places.  Finding  no  inconvenience  re- 
sult from  the  shocks,  the  next  day  I  repeated  them 
more  strong,  and  this  was  followed  by  apparently 
good  effects,  tts  she  did  not  wet  herself  that  day. 
I  continued  the  same  mode  for  a  few  days;  the 
advantages  were  daily  more  favourable,  the  exco- 
riations healed  in  proportion  as  their  cause  dimi- 
nished.    I  then  thought  I   might  interrupt  my 
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constant  attendance,  but  the  first  day's  absence 
reproduced  the  complaint;  the  bladder  lost  its 
retentive  power,  and  her  spirits  were  remarkably 
low;  she  would  not  speak  the  whole  day,  ate 
little,  and  slept  ill.  Within  an  hour  after  I  had 
electrified  her,  the  following  day,  she  spoke,  grew 
more  cheerful,  and  kept  her  water  till  night. 
I  found  a  constant  attendance  necessary,  and  vi- 
sited her  upwards  of  eight  months.  Every  day, 
after  being  electrified,  she  would  speak,  appear 
more  cheerful,  take  her  food,  keep  her  water,  and 
sleep  well  at  night;  but  before  I  came,  she  was 
speechless,  shewed  great  marks  of  insensibility, 
and  was  averse  to  all  the  endeavours  of  her  atten* 
dants  to  assist  her.  I  was  once  obliged  to  absent 
myself  two  days;  during  this  short  interval,  they 
all  thought  she  would  have  expired:  on  my  appli- 
cation of  electricity,  she  revived  again.  Thus  the 
electric  power  seemed  to  keep  life  vegetating;  and 
this  seemed  the  only  power  it  had,  nature  being 
too  much  exhausted  to  co-operate  with  it:  howe- 
ver, it  certainly  made  her  exit  comfortable,  and 
the  last  periods  of  life  supportable.  The  mor- 
tification, which  usually  follows  the  urinary  ex- 
coriations, is  as  ofFcT.sivcly  disagreeable  to  the 
attendants,  as  distressing  to  the  unhappy  pa- 
tient. 


On  Sunday,  the  3d  of  May  l/fip,  a  labouring 
man  in  a  fit  of  despair  banged  himself  with  his 
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silk  handkerchief^  but^  being  discovered  by  a 
watchman^  was  cut  down  before  his  life  was  ex- 
tingaished;  how  long  he  had  been  suspended^ 
was  not  to  be  ascertained  with  any  accuracy.  He 
was  conveyed  to  a  bouse^  where  all  possible  assis- 
tance was  given  by  a  gentleman  of  the  faculty; 
about  ten  o'clock  the  next  morning  he  was 
brought  to  St.  Thomas's  Hospital,  where  Mr. 
Johnson^  jun.  of  the  Minories,  was  on  duty.  At 
the  time  of  his  reception  he  was  insensible;  bis 
breathing  was  laborious,  noisy,  and  performed 
seldom;  his  pulse  was  slow  and  intermittent,  bis 
countenance  indicated  an  accumulation  of  blood 
in  the  head^  and  he  was  incapable  of  swallowing 
any  fluid.  Mr.  Johnson  first  opened  a  vein  in  the 
arm,  and  with  much  difficulty  obtained  between 
five  and  six  ounces  of  blood :  this  evacuation  pro- 
ducing no  sensible  alteration  or  effect,  he  thought 
an  electric  experiment  might  with  great  propriety 
be  tried;  he  accordingly  passed  an  electric  shock 
from  one  leg  to  the  other,  the  effect  of  which  was 
extremely  surprizing;  the  patient  started,  opened 
his  eyes,  and  seemed  very  much  frightened.  On 
repeating  the  shock,  he  spoke,  the  blood  left  his 
face  and  his  countenance  became  pale,  his  pulse 
was  (rtt  and  regular,  and  his  respiration  -  easy. 
The  shocks  were  repeated  three  or  four  times  more 
in  the  space  of  ten  minutes;  after  the  last,  a  kind 
of  hysteric  affection  took  place,  and  seemed  fur- 
ther to  relieve  him;    his  feet  became  warm,  a 
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general  perspiration  ensued,  he  became  quite  ra- 
tional, and  on  removing  the  bandage  from  his 
arm  it  bled  freely,  and  six  ounces  of  blood  were 
taken  from  it.  The  patient  was  kept  quiet  for 
three  days,  and  then  discharged  well  fttrni  the 
hospital. 

On  examining  him  with  respect  to  what  had 
passed,  he  said,  he  recollected  immediately  after 
his  suspension,  to  have  felt  a  most  oppressive  pain 
in  his  back,  afterwards  a  pleasing  sensation  of 
green  fields  (colours)  before  his  eyes;  from  which 
time  he  recollected  nothing  till  the  ele-ctric  shock, 
which  he  described  as  balls  of  fire  darting  through 
his  eyes.  I  do  not  know  if  this  account  of  the 
patient's  elucidates  any  thing;  but  it  is  evident, 
apparently,  that  suspended  life  was  re-animated 
instantaneously  by  the  shock. 


If  the  foregoing  cases  are  not  sufficient  to 
prove  the  system  I  have  adopted,  they  must  at 
least  evince  the  advantages  of  electricity  in  the 
practice  of  surgery ;  for  it  is  evident,  amputation 
must  have  been  submitted  to  in  some  of  them, 
if  the  experiments  had  been  unsuccessful.  I 
could  adduce  several  more  cases  to  illustrate  my 
meaning,  but  that  I  fear  to  be  tedious;  and  there 
ate  already  enough  on  record  to  have  awakened 
attention. 

A  mechanical  power,  which  possesses  such 
eminent  utility  as  to  lessen  the  number  of  surgical 
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operations^  is  surely  deserving  the  serious  attei*- 
tlon  of  every  practitioner:  that  it  belongs  to  the 
department  of  surgery,  and  requires  a  know- 
ledge of  the  cause  and  seat  of  the  disease,  to 
be.  applied  with  effect,  will,  I  trust,  be  readily 
allowed. 

Thud,  Sir,  having  rescued  a  philosophical  appa- 
ratus from  the  hands  of  empiricism,  and  given  to 
its  modus  operandi  a  rational  theory,  I  shall  hope 
that  an  electrical  machine  may  hereafter  be  consi- 
dered an  instrument  of  surgery ;  and  that  in  such 
cases  as  I  have  experienced  its  salutary  effects, 
the  knife  will  be  withheld,  till  a  fair  and  candid 
trial  of  its  powers  has  been  made;  after  which,  we 
are  warranted  by  ancient  authority,  as  well  as  long 
experience,  to  put  the  painful  part  of  surgeiy  in 
practice. 

"  Ctmcta  prius  tentata:   sed  immedicahile  vulmis 
•  *'  Ense  reddendum ;  ne  pars  shicera  frahalurr 


I  am, 
SIR, 

Your  humble  servant, 

JOHN  BIRCH. 
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ADDENDA, 


BY  THE  EDITOR. 


OP  ANIMAL  ELECTRICITY,  AUD  THE  DISCOVE- 
RIES OF  DR.  GALVANI  OF  BOLOGNA. 

Our  Author,  in  the  preceding  Essays,  not  having 
treated  on  the  electricity  peculiar  to  animals; 
and  some  very  remarkable  discoveries  having  been 
lately  made  thereon,  I  judge  it  proper,  for  the 
information  of  the  reader,  to  add  a  short  account 
of  the  subject  to  this  work. 

It  is  from  the  remarkable  and  similar  electrical 
powers  Qf  three  fishes  that  the  name  Animal  £lec* 
tricity  has  been  derived,  and  to  which  the  names 
torpedo^  gymnotus  electricuSy  or  the  electric  eel,  and 
the  silurus  electricus,  are  given.  From  some  ex- 
periments made  by  Mr.  ff^alsh,  and  other  inge- 
nious electricians^  it  was  found,  that  whenever  a 
communication  is  made,  by  means  of  substances 
that  are  conductors  of  electricity,  between  two 
parts  of  these  fishes  and  a  man  or  other  animal 
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placed  in  the  circuit,  as  is  done  with  ihe  common 
charged  Leyden  jar  to  form  the  communication, 
the  man  or  animal  feels  a  shock  similar  to  that 
occasioned  by  the  discharge  of  the  Leyden  jar. 
If  the  circuit  be  formed  of  imperfect  conductors, 
or  quite  interrupted,  a  slight  tremor  is  felt  only 
by  the  hand  touching  the  animal,  or  no  shock  is 
received.  It  is  the  gymnotus  alone  that  gives  a 
luminous  spark,  which  becomes  evident  by  mak- 
ing a  very  small  interruption  of  the  circuit  of 
communication.  No  other  properties  cooHnoo 
with  artificial  electricity  have  been  noticed  in 
them,  and  every  effect  ceases  with  the  death  of 
the  fish. 

A  fourth  species  of  electrical  fish,  said  to  give 
strrag  shocks,  was  found  by  Mr.  /F.  Paiersoriy  on 
the  coast  of  Johanna.  See  Philosophical  Trans- 
actions, vol.  Ixxvi. 

Dr.  Contugnoy  in  a  letter  to  Chevalier  yivmzioy 
t)oth  of  Naples,  dated  Oct.  2,  1798,  relates,  that 
m  his  attempt  to  dissect  a  very  young  mouse,  and 
first  making  an  incision  into  the  epigastric  region, 
the  mouse  being  situated  between  his  thumb  and 
fitst  finger  of  the  left  hand,  and  the  tail  between 
the  two  last  fingers,  to  his  great  astonishment,  he 
fcit  a  shock  through  his  left  arm,  as  far  as  the 
tieck,  attended  with  an  internal  tremor,  and  a 
gainful  sensation  in  the  muscles  of  his  arm,  which 
c^tt^ed  him  in  the  affright  to  drop  the  mouse. 
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-  it  is  to  Dr.  Galvani  that  we  are  indebted  for  the 
discovery,  that  a  frog  dead  and  skinned  is  capable 
of  having  its  muscles  brought  into  action  by  the 
application  of  artificial  or  atmospherical  electri- 
city; and  also  that  independent  of  these,  the  same 
motions  may  be  produced  on  it^  or  even  a  de- 
tached limb,  by  a  simple  communication  between 
the  nerves  and  the  muscles  with  substances  con^ 
ductors  of  electricity,  and  that  no  motion  can  be 
produced  if  non-conductors  are  used.  It  is  from 
this  circumstance,  that  this  wonderful  property  of 
organized^  matter  has  been  ranked  as  animal  elec- 
tricity. Dr.  Galvanic  discoveries  were  principally 
made  with  dead  frogs,  but  the  properties  have 
been  verified  in  a  number  of  other  animals. 

The  variety  of  experiments  as  made  by  him, 
and  the  valuable  and  illustrative  ones  since  made 
by  Mr.  CavaJIo,  Dr.  LinJ,  Dr.  Falli,  Dr.  Fowler^ 
and  other  philosophers^  the  limits  of  this  work 
will  not  admit  mt  to  insert  here.  I  shall  only 
give  the  reader  two  or  three  of  the  most  stfiking 
experiments,  and  for  a  more  general  and  arranged 
practical  account  of  this  subject,  must  refer  him  to 
Mr.  Cavallo's  Treatise  on  Electricity^  vol.  iii.  p.  l 
to  75,  whence  these  experiments  are  extracted. 

"  When  the  nerves  of  a  fi-og  recently  killed 
and  deprived  of  its  integuments,  are  exposed  to 
an  electrified  atmosphere,  or,  in  ^horf,  are  so 
disposed,  as  that  by  the  action  of  an  electrical 

N  n 
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machine,  or  of  any  electrified  body,  a  quantity  of 
electric  fluid  is  caused  to  pass  through  them,  a 
contraction  oC  the  muscles  takes  place,  with  a 
tremulous  convulsive  motion,  which  may  be  reite- 
rated for  some  hours  after.  T)r.  Galvani  pre- 
pared a  frog,  having  its  legs  attached  to  a  part  of 
the  spine,  but  separated  from  all  the  rest  of  the 
body;  and  observed,  that  whenever  a  spark  was 
taken  from  a  large  prime  conductor  of  an  electri- 
cal machine  situated  at  some  distance  from  the 
prepared  part  of  the  animal,  those  legs  moved 
with  a  kind  of  spasmodic  contraction,  sometimes 
strong  enough  to  jump  a  considerable  way.  It 
was  found  necessary  to  place  the  prepared  legs 
contiguous  to  some  good  conductor  not  insu- 
lated, 

'^  If  the  electric  atmosphere  be  so  strong  as  to 
occasion  little  sparks  between  the  conductors 
contiguous  to  the  animal,  or  if  it  be  capable  of 
affecting  an  electrometer  placed  near  the  animal; 
then  even  a  whole  frog,  a  lizard,  a  mouse,  or  a 
sparrow,  will '  be  strongly  affected  with  vident 
convulsions.  When  the  animal  is  insulated,  and 
ihc  electricity  is  made  to  pass  through  its  body, 
then  a  whole  living  frog  is  affected  by  the  passage 
of  so  small  a  quantity  of  electricity  as  is  discharged 
by  a  middling  prime  conductor,  that  is  just  capable 
of  affording  a  small  spark.  In  this  case,  if  a 
Lcyden  jar  be  used,  a  much  smaller  quantity  of 
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electricity  will  be  found  sufficient  for  the  purpose, 
viz.  such  a  charge  of  it  as  cannot  afford  a  sparky 
but  that  can  just  produce  a  sensible  divergence  of 
the  pendulums  of  an  electrometer. 

*^  But  a  frog  prepared,  especially  after  the  man- 
ner of  Dr.  Galvani,  is  affected  by  an  incomparably 
smaller  quantity  of  electricity.  Mr.  /-"o//^  has 
observed,  that  so  small  a  quantity  of  electridty  as 
is  absolutely  incapable  of  occasioning  a  divergence 
in  the  most  sensible  electrometer,  but  such  as  may 
be  observed  by  his  condenser  of  electricity,  is  suf- 
ficient for  the  purpose.  Thus,  if  a  Leyden  jar  be 
charged  and  discharged,  and  afterwards  be  dis- 
posed so  that  the  prepared  frog  be  placed  in  the 
circuit  between  its  inside  and  outside  coating,  the 
passage  of  that  small  residuum  is  fully  sufficient 
to  produce  the  contractions,  &c.  By  being  sen- 
sible of  so  small  a  quantity  of  electricity,  the  pre- 
pared frog  becomes  a  most  sensible  sort  of  elec- 
trometer, which  perhaps  hereafter  may  be  of  sin- 
gular use  in  sodve  nice  electrical  experiments." 

**  Dr.  Galvani  had  the  curiosity  of  trying  whe- 
ther the  electricity  of  the  clouds  prodbced  the 
sime  effect  on  the  prepared  limbs,  as  the  artificial 
electricity  of  the  ordinary  machines ;  and  for  that 
purpose  he  extended  a  conductor  from  the  top  of 
a  house  to  the  prepared  animal,  which  was  some- 
times laid  on  a  table  in  the  open  air,  and  at  other 

N  n  ^ 
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times  was  enclosed  in  a  glass  receiver.  On  this 
preparation  the  thunder  and  lightning  produced 
the  same  effects  as  the  spark  from  the  electrical 
machine  i  the  same  contractions  took  place,  and 
they  were  stronger  or  weaker  according  to  the 
distance  and  quantity  of  lightning.  Thus  far  the 
effects  might  have  been  naturally  expected;  bat 
a  ren^arkable  circumstance  was  observed,  which 
serves  to  explain  another  phenomenon  of  nature: 
it  was  found,  that  instead  of  one  contraction  at 
every  clap  of  thunder,  the  limbs  were  affected 
with  a  sort  of  tremor  or  succession  of  convulsions, 
which  seemed  to  be  nearly  equal  in  number  to  the 
repetition  of  the  thunder,  viz.  that  succession  of 
explosions  which  forms  the  rumbling  noise  of 
thunder.  Now  this  observation  proves,  that  the 
rumbling  noise  is  not  the  echo  of  a  single  explo- 
sion, or  the  successive  arrival  of  the  vibrations 
produced  at  different  distances,  though  at  the 
same  moment  of  time;  but  that  it  is  produced  by 
a  quick  succession  of  several  explosions:  which 
indeed  seems  to  be  confirmed  by  observing,  that 
the  clouds  are  very  imperfect  conductors,  in  which 
state  they  are  not  likely  to  receive  a  full  and  single 
stroke  of  electricity  from  other  clouds  or  from  the 
earth." 

The  preceding  accounts  relate  to  dead  animals; 
but  it  will  now  be  shewn,  that  the  same  motions. 
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conyulsians,.  &c.  for  a  time  nearly  ^qual  in  lengthy 
can  be  produced  both  in  dead  and  living  animals^ 
without  the  aid  of  any  apparent  electricity. 

^^  In  an  animal  recently  dead^  detach  a  nerve 
from  the  surrounding  parfls;  taking  care  to  cut 
it  not  too  near  its  insertion  into  the  muscles; 
remove  the  integuments  from  over  the  muscles 
depending  on  that  nerve;  take  a  piece  of  metal^ 
as  a  wire,  touch  the  nerve  with  one  extremity, 
and  the  muscles  with  the  other  extremity  of  the 
wirc^  and  the  consequence  will  be,  that  the  mus- 
cles will  move  exactly  as  if  a  quantity  of  electricity 
were  sent  thn>ugh  then).  This  experiment  will 
apsiyer  equally  well  when  the  preparation  is  laid 
upon  an  insulated  stand,  as  when  it  cpmnHinicates 
with  the  ground.  If  the  communication  between 
the  nerve  and  the  muscles,  instead  of  being  formed 
by  means  of  metal  or  other  conductor  of  clectri- 
cijty,  be  formed  of  substances  that  are  non-con- 
daetors,  as  glass,  sealing-wax,  oils,  Spp.  then  no 
qnotion  will  take  place." 

^^  The  motions  will  be  also  excited  when  the 
metals  i^re  nqt  in  immediate  contact  with  the  pre- 
pared limb,  provided  they  form  part  of  the  circuit 
of  communication.  Thus  lay  a  prepared  limb 
upon  a  table,  hold  the  nerve  in  one  band  and  a 
piece  of  zinc  in  the  other  hand;  lay  a  piece  of 
stiver  upon  the  table  at  about  one  or  two  inches 
distance  from  the  prepared  muscles,  and  make  a 
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communication  between  the  muscles  and  the  silver 
by  means  of  water  or  some  other  good  conductor. 
If  now  you  touch  the  said  piece  of  silver  with  the 
zinc  which  you  hold  in  one  hand^  the  contrac- 
tions will  take  place.  The  same  effect  will  hap- 
pen, if  the  two  pieces  of  metal  be  first  put  in 
contact^  and  then  the  operator  touches  the  nerve 
of  the  preparation  with  his  finger. 

*^  The  preparation  of  the  frog,  or  other  animal^ 
for  this  experiment,  generally  consists  in  detaching 
one  of  the  principal  nerves  from  all  the  surround- 
ing parts,  where  it  enters  a  member  susceptible  of 
motion,  and  arming  it  with  a  metallic  foil.  On 
making  the  communication,  the  motion  will  take 
place;  but  the  preparation  which  answers  best  is  de- 
lineated in  pL  5,  fg.  104  and  105,  which^  for  the 
sake  of  distinction,  we  shall  in  the  following  pages 
pall  the  iistial  preparation ;  it  being,  in  fact,  that 
which  has  bpen  more  frequently  and  more  advan- 
tageously used:  it  is  made  in  the  following  man- 
ner. Separate  with  a  pair  of  scissars  the  bead  and 
upper  extremities  of  a  frog,  in  the  line  A  p,  from 
the  rest  of  the  body.  Open  the  integuments  and 
muscles  of  the  abdomen,  and  remove  the  pntrails; 
then  you  will  lay  bare  the  crural  nerves,  as  shewn 
in  Jig.  104,  which  in  this  animal  come  out  of  the 
spine  at  a  considerable  distance  above  the  pelvis, 
'vlz.  from  the  line  C  D.  Then  pass  one  blade  of 
the  scissars  under  the  said  nerves,  and  cut  otf 
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the  spine  with  the  flesh  close  to  the  thighs  in  the 
line  E  F,  by  which  means  the,  legs  will  remain 
att^hed  to  the  spine  by  the  nerves  alone.  This  . 
done,  leave  only  a  small  bit  of  the  spine  attached 
to  the  crural  nerves,  and  cut  ofF  all  the  rest. 
Thus  you  will  have  the  two  legs,  G,  H,  jfig.  105, 
of  a  frog  adhering  to  a  bit  of  the  spine  AC  D,  by 
means  of  the  crural  nerves  C  E,  D  F.  These  legs 
must  be  flayed  in  order  to  lay  bare  the  muscles. 
The  metallic  armour,  which  generally  consists  of 
a  piece  of  tin-foil,  ipust  be  placed  round  the 
yierves  very  near  the  spine,  viz.  at  C  D,  or  round 
the  whole  bit  of  spine,  AD,  and  the  extremities 
of  the  nerves  next  to  it.  A  frog  thus  prepared, 
and  touched  by  means  of  a  conducting  rod  ap- 
plied to  the  ipuscles  and  to  the  armour  of  the 
nerves,  will  act  vigorously  for  a  considerable  time. 
Some  contractions  have  been  observed  several 
hours^  and  even  days  after;  but  the  power  is 
gradually  diminishing,  and  in  general  it  can  sel- 
dom be  perceived  after  two  or  three  hours. 

"  With  a  frog  prepared  in  the  above  described 
manner,  one  may  shew  the  experiment  various 
ways;  but  the  two  following  methods  are  peculi- 
arly eligible,  because  they  produce  very  strong 
and  striking  movements.  Hold  the  preparation 
by  the  extremity  of  one  leg,  the  other  leg  hang- 
ing down,  with  the  armed  bundle  of  nerves  and 
l}it  of  spine  lying  upon  it.     In  this  situation  inter- 
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pose  a  piece  of  silver^  as  a  half-crown^  between 
the  lower  thigh  and  the  nerves^  so  that  it  may 
touch  the  former  with  one  surface^  and  the  metals 
lie  coating  of  the  latter  with  the  other  surface^  or 
with  its  edge;  and  you  will  find  that  the  hanging 
leg  wil}  vibrate  very  powerfully^  sometimes  so  far 
as  to  strike  against  the  hand  which  holds  the 
other  leg. 

^*  The  other  method  is  the  following:  Put  two. 
wine-glasses  full  of  water  contiguous  to  each 
other^  but  not  actually  touching,  place  the 
thighs  and  legs  of  the  prepared  frog  in  the  water 
of  one  glass,  and  laying  the  nerves  over  the  edges 
of  the  two  glasses^  let  the  bit  of  spine  and  armour 
touch  the  water  of  the  other  glass.  This  done,  if 
you  form  the  communication  between  the  water 
of  the  two  glasses  by  means  of  the  conducting  rod, 
or  put  the  fingers  of  one  hand  into  the  water  of 
the  glass  that  contains  the  legs,  and,  holding  a 
piece  of  silver  in  the  other  h^nd,  touch  the  coat* 
ing  of  the  nerves  with  it,  you  will  find  that  the 
prepared  legs  will  move  sometinies  so  powerfully 
OS  to  jump  fairly  out  of  the  glass.  It  is  however 
necessary  to  remark,  that  the  efiect  in  this  expe- . 
riment  is  increased  by  a  sort  of  artifice,  which 
must  necessarily  take  place;  viz.  the  legs,  in  order 
to  be  placed  into  the  glass,  must  necessarily  be 
drawn  up;  and,  as  the  effect  of  the  communica- 
tion,  &c.  is  to  produce  a  sudden  extension  of  tha 


<>K  ANIMAL  BLECTRICITY.  569 

iiinbs;  it  must  naturally  follow,  that  from  the 
resistwice  of  the  glass  the  preparation  must  en- 
deavour to  jump  out  of  the  water.  There  is 
another  reason  which  contributes  to  increase  the 
effect  in  this  experiment,  which  is,  that  the  water 
by  surrounding  the  prepared  legs,  becomes  a  very 
ample  armour  or  coating,  which  touches  the  legs 
in  «very  point  of  their  surface.  It  frequently 
happens  in  this  experiment,  when  the  animal  elec- 
tricity is  strong,  that  without  forming  the  com- 
munication, the  motions  are  excited  by  only 
touching  the  armour  of  the  nerves  with  a  piece  of 
metal;  or  if  one  person  touch  the  coated  spine, 
whilst  another  person  touches  the  legs,  the  mo- 
tions  will  take  place,  though  the  two  persons  do 
not  communicate  with  each  other  by  any.  thing 
else  besides  the  floor/' 

By  the  application  of  armours  of  different  me-^ 
tallic  substances,  and  forming  a  connexion  be* 
tween  them,  the  niotions  may  be  excited  in  an 
entire  living  frog,  and  also  in  other  living  animals, 
particularly  eels  and  flounders.  Mr.  Cavallo  gives 
the  following  directions:  *^  A  living  fiog  is  placed 
upon  a  piece  of  zinc,  with  a  slip  of  tin-foil  pasted 
upoi)  its  back.  This  done,  whenever  a  commu- 
nication is  formed  between  those  two  armours, 
jespecially  when  silver  is  used,  the  spasmodic  con- 
vulsions are  excited  not  only  in  the  muscles 
which  touch  the  metals,  but  also  in  the  neigh- 
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boaring  ones.  The  eUp  of  tin-foil  may  be  omit- 
ted when  silver  is  used  for  the  conducting  rod* 
The  experiment  may  be  performed  entirely  under 
water. 

"  This  experiment  may  be  made  with  a  floun- 
der in  a  similar  easy  and  harmless  manner.  Take 
a  living  flounder^  such  as  can  almost  always  be 
found  at  the  fish**mongers^  lay  it  flat  into  a  pewter 
plate,  or  upon  a  sheet  of  tin-foil,  and  put  a  piece 
of  silver,  as  a  shilling,  a  crown-piece,  or  the  like, 
upon  the  fish ;  then,  by  means  of  a  piece  of  metal, 
complete  the  communication  between  the  pewte? 
plate  or  tin-foil  and  the  silver  piece;  on  doing 
which,  the  animal  will  give  evident  tokens  of 
being  affected.  The  fish  may  afterwards  be  re- 
placed in  the  water  to  preserve  it  for  fiirtber  use.'* 
Pr.  Fowler  has  prpved,  that  of  the  involuntary 
muscles,  the  heart  alone  is  capable  of  being  con- 

* 

tracted. 

"  Even  the  living  body  (says  Mr.  Cavallo)  can 
be  rendered  sensible  of  the  action  of  metallic  ap- 
plications, and  both  the  senses  of  taste  and  sight 
]be  excited  by  it.  Let  a  man  (says  he)  lay  a  piece 
of  metal  upon  his  tongue,  and  a  piece  of  some 
other  metal  under  the  tongue;  on  forming  the 
pommunication  between  these  two  metals,  either 
by  bringing  their  edges  into  contact^  or  by  the 
interposition  of  some  other  piece  of  metal,  be  wil! 
perceive  a  peculiar  sensation,  a  kind  of  cool  and 
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subacid  taste,  not  exactly  like/  and  yet  not  much 
different  from  that  produced  by  artificial  electri* 
city.  The  metals  which  answer  best  for  this  ex- 
periment are  silver  and  i:inc,  or  gold  and  £inc<. 
The  sensation  seems  to  be  more  distinct^  when 
the  metals  are  of  the  usual  temperature  of  the 
tongue.  The  silver  or  gold  may  be  applied  to 
any  other  part  of  the  mouthy  to  the  nostrils,  the 
ear,  and  other  sensible  parts  of  the  body,  whilst 
the  zinc  is  applied  to  the  tongue;  and  on  making 
the  communication  between  the  two  metals,  the 
taste  is  perceived  on  the  tongue.  The  effect  is 
more  remarkable,  when  the  zinc  touches  the 
tongue  in  a  small  part,  and  the  silver  in  a  great 
portion  of  its  surface,  than  vice  versa.  Instead  of 
the  tongue^  the  two  metals  may  likewise  be  placed 
in  contact  with  the  roof  of  the  mouth  as  far  back 
as  possible,  and  on  completing  the  communica* 
tion  between  them,  a  strong  taste  of  irritation  is 
perceived.'* 

"  In  order  to  affect  the  sense  of  sight  by' means 
pf  metals,  let  a  man  in  a  dark  place  put  a  slip  of 
tin-foil  upon  the  bulb  of  one  of  his  eyes,  and  let 
him  put  a  piece  of  silver,  as  a  spoon,  or  the  like, 
in  his  mouth.  On  completing  the  communica- 
tion between  the  spoon  and  the  tin-foil,  a  faint 
flash  of  white  light  will  appear  before  his  eyes. 
This  experiment  may  be  performed  in  a  more 
.convenient  manner,  by  placing  a  piece  of  zinc 
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hetwctM  the  upper  lip  and  the  gums  as  high  up 
as  possible,  and  a  silver  piece  of  money  upoa  the 
tongue;  or  else,  by  putting  a  piece  of  silver  high 
yp  in  ofie  of  the  nostrils,  and  a  piece  of  gold  oi^ 
zinc  in  contact  with  the  upper  part  of  the  tongue; 
for  in  either  of  these  cases  the  flash  of  light  will 
appear,  whenever  the  two  metals  are  made  to 
communicate,  either  by  the  immediate  contact  of 
their  edges,  or  by  the  interposition  of  other  good 
conductors  of  animal  electricity. 

"  When  this  experiment  is  performed  by  a 
person  having  his  eyes  open  in  a  place  in  which 
there  is  very  little  light,  a  by-stander  will  gene- 
rally perceive  a  slight  contraction  of  the  pupil 
whenever  the  metals  are  brought  into  mutual 
contact.  The  experiment  will  likewise  answer, 
when  one  of  the  metals  is  placed  between  the 
gums  and  upper  lip,  whilst  the  other  m^tal  is 
placed  between  the  gums  and  lower  lip;  but  in 
this  case  the  flash  appears  to  be  diffused  over  the 
whole  face,  whereas  in  the  other  case  it  is  con- 
fined to  the  eyes  alone.  By  continuing  the  con* 
tact  of  the  two  metals,  the  appearance  of  light  is 
not  continued,  it  being  pnly  visible  at  th^  mo- 
ment of  making  the  contact,  and  very  seldom 
when  they  are  separated;  it  may  therefore  "be  re« 
peated  at  pleasure,  by  disjoining  and  again  con- 
necting the  two  metals.  When  the  eyes  are  in  a 
ptate  of  inflammation,  then  the  appearance  of  light 
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i^  much  stronger.  This  phenotnenon  is  not  alike 
perceived  by  every  person,  some  being  hardly  sen- 
sible of  it,  whilst  others  observe  a  strong  flash." 

The  property  of  animal  motion  being  excited 
by  a  metallic  or  other  communication  made  be- 
tween the  nerves  and  the  muscles,  is  not  consi- 
dered peculiar  to  a  few  animals  only;  but  seems, 
from  a  great  variety  of  experiments,  to  be  a  pro- 
perty common  to  all  animals.  Mr,  Cavallo  ob- 
serves, "  from  the  ox  and  the  horse  down  to  the 
fly,  the  effects  of  metallic  applications  have  been 
repeatedly  and  unequivocally  observed.  The  leg 
of  a  recent  dead  horse  was  agitated  so  violently 
l)y  the  application  of  a  shilling  and  a  piece  of  tin- 
foil, that  the  strength  of  a  robust  man  was  unable 
to  check  the  blow.** 

J  shall  end  this  extract  with  some  observations 
and  inquiries  by  Mr.  Cavallo.  ^^  Those  surpriz- 
ing  effects  of  an  unknown  cause,  generally  inex- 
plicable, and  sometimes  contradictory,  seem  to 
admit  of  no  theory  suflficiently  probable  or  satis* 
factory;  nor  can  we  yet  see  how  they  may  be 
applied  for  the  benefit  of  mankind.  An  attentive 
consideration  of  the  subject  will  naturally  suggest 
several  doubts  and  queries,  which  can  only  be 
answered  by  future  experiments  and  discoveries.— 
In  what  manner  does  artificial  electricity  affect 
the  muscles? — Does  it  act  as  a  mere  stimulus^  or 
otherwise? — Where  is  the  animal  electricity  gc- 
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Derated,  and  by  what  mechanism  is  it  transmitted 
from  one  part  of  the  body  to  another  ? — ^Do^  it 
proceed  from  the  brain,  or  is  every  nenre  actuated 
with  that  generating  power? — ^What  reason  can 
there  be  for  the  necessity  of  using  two  different 
metals? — And,  after  all,  are  those  phenontena 
really  the  effects  of  electricity,  or  of  some  other 
unknown  fluid  sui  generis f'^ 

Aihliflonal  Descriptmis  that  have  occurred  to  the 
Editor^  since  the  printing  of  the  preceding  Sheets. 

Townsend's  Electrometer.  Plate  2,  jff .  9,  re- 
presents an  electrometer  contrived  many  years 
since  by  Mr.  Townsend^  to  ascertain  the  real  force 
of  the  electric  explosion.  ^^  is  a  smaU  ivory 
plate ;  r,  a  loose  cone  of  ivory  to  be  placed  on  the 
plate  a  B;  efgy  a  circle  turning  freely  on  two 
centers;  a  wdoden  arm,  d,  proceeds  from  this 
circle,  and  rests  on  the  ivory  cone,  c.  The  dis- 
charge of  the  jar  or  battery  is  made  to  pass  under 
the  cone  which  throws  up  the  arm  d,  the  elevation 
of  which  is  marked  by  the  index  A.  A  piece  of 
silken  string  is  fixed  at  pne  end  to  the  bottom 
board  at  /,  and  passes  over  the  wheel ;  a  weight,  i, 
is  tied  to  the  other  end,  to  regulate  the  friction  of 
the  circle  efg. 

Nicholsons  Improvement  on  Bennetts  Eleeirome* 
t$r^     Mr.  Nicholson  has  improved  the  electrometer 
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of  Mr,  Bermet,  in  order  to  distinguish  more  accu- 
rately the  different  intensities  as  shewn  by  the 
divergencies  of  the  strips  of  gold  leaf,  or  the  dis- 
tances at  which  they  strike  two  naetallic  bars* 
Plate  4,  fig.  70,  "  A  represents  the  insulated  me- 
tallic cap,  from  which,  at  C,  depend  the  two 
narrow  pointed  slips  of  gold  leaf.  £  B  is  the  glass 
shade,  which  serves  to  support  the  cap,  and  de- 
fend the  leaves  from  the  motion  of  the  surround- 
ing air.  D  D  are  two  flat  radii  of  brass,  which 
open  and  shut  by  meana  of  one  common  axis,  like 
a  pair  of  compasses.  By  a  contrivance  of  springs,, 
they  are  disposed  to  open  when  left  at  liberty ; 
but  the  micrometer  screw,  E,  serves  to  draw  a 
Jiut  which  has  two  steel  bars,  with  a  claw  at  the 
end  of  each,  that  enters  into  a  correspondent  silt, 
in  two  small  cylindrical  pieces^  to  which  the  radii 
tire  fixed  respectively.  This  apparatus  is  seen  in 
another  position  in  fig.  70*.  K  L  represents  a 
piece  of  brass,  which  serves  as  a  frame  for  the 
work,  and  fits  the  lower  socket  of  the  electrome- 
ter F  F,  fig.  70.  In  this  the  letters,  I  H,  indicate 
the  cylindrical  pieces  which  carry  the  radii,  and 
are  seen  from  beneath.  On  the  side  of  the  nut,  6, 
one  of  the  steel  drawing  pieces  is  seen ;  the  other 
being  on  the  opposite  side,  jand  consequently  not 
visible.  Towards  L  appear  the  two  re-action 
springs.  The  other  parts  require  no  verbal  de- 
scription. 
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^^  In  the  common  construction  of  the  gold-leai' 
dectrometer^  there  are  two  pieces  of  tin-foil  pasted 
on  opposite  parts  of  the  internal  surface^  BB; 
against  which  the  gold-leaf  strikes  when  its  elec- 
tricity is  at  the  maximum.     If  the  radii,  D  D,  be 
left  at  the  greatest  opening,  our  instrument  does* 
not  then  diifer  from  that  in  common  use.     But 
if  the  divergence  produced  by  the  contact  of  an 
atmospheric  conductor,    or  any  other  source  of 
electricity,  be  so  small  as  t^  render  it  doubtful 
whether  the  leaves  be  electrified  or  not,  the  radii 
may  then  be  brought  very  gradually  together  by 
means  of  the  screw^  until  the  increased  divergency 
from  their  attractive  force  be  sufficient  to  ascer- 
tain the  kind  of  electricity  possessed  by  the  leaves. 
In  this  and  all  other  cases>  the  division  on  the 
micrometer  head,  which  stands  opposite  the  fixed 
index,  at  the  time  the  leaves  strike  the  radii„  will 
shew  the  greater  or  less  degree  of  intensity."* 

Brooke's  Electrometer,  as  constmcted  by  the  late 
Mr.  G.  A.  Morgan.  To  the  description  gf 
Brooke's  electrometer  already  given  at  page  412 
the  following  account  as  constructed  by  Mr.  A/(?r- 
gan  may  be  added,  and  which  he  found  adapted 
to  various  experiments.  His  reasons  for  making 
his  different  from  Mr.  Brooke's  were  the  follow-' 

*  Nicbobons  Journal  of  Natural  Philotophy^  val.  i.  p.270i 
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log:  "  be  found  that  the  least  difference  of 
charge,  when  the  jar  was  highly  loaded,  produced 
a  most  amazing  irregularity  in  the  eiFect  depen- 
dent  on  the  passage  of  the  charge.  Hence, 
though  the  arm  was  regulated  so  as  to  shew  the 
difference  of  the  graiti  weights,  still  he  experi- 
enced  a  difficulty  in  ascertaining  when  exactly  the 
two  balls  were  separated,  and  he  found  considera- 
ble diversities  dependent  on  the  greater  or  less 
separation  of  them;  he  therefore  connected  the 
arm  with  the  hand  on  the  plate,  and  was  thus 
able  to  determine  accurately  the  very  instant  ip 
which  the  same  quantity  of  charge  might  be  made 
to  pass  through  any  given  substance." 

Plaie  5,  fg.  87,  ABE  CD  represents  Mn 
Morgans  electrometer,  which  he  employed  to 
measure  the  precise  charge  that  he  conveyed 
through  the  body  to  be  examined.  C  £  is  a  very 
slight  brass  tube,  with  a  light  brass  ball  annexed 
to  the  extremity  of  it.  The  dimensions  of  the 
l)all  ara  one  inch  and  a  quarteivin  diameter;  the 
tube  is  eight  inches  in  length,  and  one  inch  and  a 
quarter  in  thickness:  this,  tube  is  annexed  to  a 
multiplying  wheel,  which  is  connected  with  the 
hand  on  the  dial  plate,  and  by  its  motions  gives 
four  circumvolutions  of  the  hand  to  every  one- 
fourth  of  the  tube's.  The  figure  shews  that;  the 
tube  rests  upon  another  similar  tube,  whi^h  is 
fixed.     The  moveable  tube  has  a  slider  upon  it, 

which,  by  moving  backward  and  forward,  regu- 
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lates  the  weight  to  be  raised,  when  tbe  electro- 
meter is  connected  by  a  metallic  communication 
to  the  inside  of  a  jar  while  charging.  The  insu- 
lation of  the  tube,  balls,  and  the  wheel-work 
annexed  to  them,  are  shewn  by  the  figure,  in 
which  AB  represents  the  glass  stem. 

Plate  5,  jftg.  81,    is  an  electrometer  for  rain, 
contrived  by  Mr.  Cavallo.    ABCD  is  a  strong 
glass  tube,  about  two  feet  and  an  half  long,  having 
a  tin  funnel,  D  E,  cemented  to  its  extremity,  which 
funnel  defends  part  of  the  tube  from  the  rain. 
The  outside  surface  of  the  tube,  from  A  to  B,  is 
covered  with  sealing-wax,  and  so  is  the  part  of  it 
which  is  covered  by  the  funnel.     F  D  is  a  piece  of 
cane,  round  which  brass  wires  are  twisted  in  diffe- 
rent directions,  so  as  to  catch  the  rain  easily,  and 
at  the  same  time  to  make  no  resistance  to  the  wind. 
This  piece  of  cane  is  fixed  into  the  tube,  and  a 
small  wire  proceeding  from  it  goes  through  the 
tube,    and  communicates  with  the  strong  wire 
'  A  G,  which  is  thrust  into  a  piece  of  cork,  &stened 
to  the  end  A  of  the  tube.    The  end  G  of  the  wire 
A  G  is  formed  into  a  ring,  from  which  a  sensible 
pith-ball  electrometer  is  to  be  suspended.     This 
instrument  is  fastened  to  the  side  of  a  window 
frame,  where  it  is  supported  by  strong  brass  hooks 
at  CB;  which  part  of  the  tube  is  covered  *with 
silk  lace,  in  order  to  adapt  it  better  to  the  hooks. 
The  part,  FL,  is  out  of  the  window,  with  the 
end  F  elevated  a  little  above  the  horizon.    The 
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remaining  part  of  the  instrument  coftics  through 
a  hole  in  one  of  tl^e  lights  in  the  3ash,  withiq  the 
rpom^  and  no  more  of  it  touches  the  side  of  the 
window  t^n  tjie  part  C  B.  When  it  rains,  espe- 
cially in  passing  showers,  this  instrument  is  fre- 
quently  electrified  J  and  by  the  divergence  of  the 
electrometer,  the  quantity  and  quality  of  the  rain 
may  be  observed  without  any  danger  of  a  mistake* 
With  this  instrument,  in  painy  weather,  Mr.  Ca- 
vallo  has  been  able  to  charge  a  small  coated  phial 
at  the  wire  H  G.  It  should  be  fixed  in  such  a 
manner,  that  it  may  be  easily  taken  off  from  the 
window,  and  replaced  again,  as  occasion  requires  i 
as  it  will  be  necessary  to  clean  it  often,  particularly 
when  a  shower  of  rain  is  approaching. 


To  Experiment  lxxxix.  p.  198.  Tie  me-- 
thod  of  making  the  artificial  Bolonian  stone ^  or  Can- 
tons phosphorus^  which  is  a  calcareous  substance^ 
and  generally  used.in  the  form  of  powder.  "  Cal- 
cine some  commpi;!  oyster-shells,  if  they  are  old 
and  half  calciped  by  time>  such  as  are  commonly 
found  upon  the  sea-shore,  they  are  the  better;  let 
the  purest  part  qf  the  calx  be  pulverized  and  sifted; 
mix  with  three  parts  of  this  powder  one  part  of  the 
^owers.of  sulphur ;  let  this  mixture  be  rammed  into 
a  crucible  about  one  inch  and  an  half  in  depth,  till 
it  be  altnost  full,  apd  let  it  be  placed  in  the  middle 
of  the  iire^  where  it  must  be  J^ept  red-hot  for  one 

bour^  and  then  set  it  by  to  cool;  w hen  cold,  turn 
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it  out  of  the  crucible,  and  cutting  it  or  breaking 
it  to  pieces,  scrape  off  upon  trial  the  brightest 
parts,  which,  if  good  phosphorus,  will  be  a  white 
powder.  It  may  be  preserved  by  keeping  it  in  a 
dry  phial  with  a  ground  stopper."  A  beautiful 
manner  of  expressing  geometrical  figures  with  the 
above  phosphorus  is,  to  bend  small  glass  tubes  of 
about  one-tenth  of  an  inch  in  diameter  in  the 
shape  of  the  figures  desired,  and  then  to  fill  them 
with  the  powder.  These  may  be  illuminated  in 
the  manner  described;  and  they  are  not  liable  to 
be  spoiled,  as  the  figures  are  when  exposed  on  a 
board.  Mr.  Canton  found  the  discharging  of  a 
small  jar  near  to  the  phosphorus  the  best  method 
of  illuminating  it. 

To  Experiment  cvii.  p.  213.  King^s  elec- 
irlcal  orrery^  shewing  the  motions  of  the  sun,  earth; 
and  moon^  round  the  common  center  of  gravity. 
Plate  4,  fig.  79^  the  ball,  S,  represents  the  sun, 
10  the  earth,  and  M  the  moon,  connected  by  bent 
u  ires,  a^  c,  by  d;  a  is  the  center  of  gravity  between 
the  sun  and  earth;  J,  the  center  of  gravity  bc» 
tweeu  the  earth  and  moon.  These  three  balls, 
and  their  connecting  wires,  are  supported  on  the 
pointed  wire  A,  which  is  placed  on  the  prime 
conductor  of  the  machine;  the  earth  and  moon 
supported  on  the  pointed  wire  cae,\n  which  wire 
is  placed  a  fine  point  horizontally  at  c,  and  also  a 
similar  one  at  dj  projecting  out  in  the  same  manner 
m  the  wire  connecting  tlie  earth  and  moon. 
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When  the  iQacbine  is  put  into  action^  the  balls 
and  wires  being  electrified^  and  the  fluid  going 
off  horizontally  from  the  points  c  and  d^  cause  S 
and  £  to  move  round  their  common  center  of 
gravity  a^  and  E  and  M  round  their  center  of 
gravity  b.  As  E  and  M  are  light,  when  compared 
with  S  and  E,  there  is  much  less  friction  on  the 
point  b  than  on  the  point  a\  so  that  E  and  M  will 
make  more  revolutions  about  the  point  b,  than 
S  and  E  about  the  point  a.  The  weights  of  the 
balls  should  he  so  adjusted,'  that  E  and  M  may 
move  about  twelve  times  round  b  in  the  time  that 
S  and  E  go  once  round  a. 

This  amusing  experiment  does  not  sliew  the  real 
cause  of  the  planetary  motion,  but  only  that  the 
sun,  earth,  and  moon,  move  round  the  common 
center  of  gravity  between  them  in  a  solar  year, 
and  the  earth  and  moon  move,  round  the  common 
center  of  gravity  between  them  in  a  lunar  month. 

To  Experiment  cxxi.  p.  526.  To  make  eggs 
luminous,  Plate  4,  fg.  66*,  represents  a  wooden 
stand  to  support  tbrep  eggs,  and  by  the  sliding 
supports,  ay  a,  //,  to  place  them  at  any  required 
distance  asunder,  b,  a  brass  sliding  wire;  and  r, 
a  chain  or  wire;  both  as  conductors  of  communi- 
cation. Three  eggs  are  tq  be  placed  at  about 
one-eighth  of  an  inch  asunder,  the  lower  extre- 
mity of  the  wire  b  at  the  same  distance,  and  one 
end  of  the  chain  or  wire  c  in  communication  with 
the  bottom  egg,  and  the  other  end  with  the  coatr 


lug  of  a  charged  electric  jar.  With  the  discbargiog 
tod,  plate  2,  fig.  %  one  ball  being  placed  on  the 
ball  of  the  wire  h^  and  the  other  to  the  ball  of  the 
charged  jar^  the  discharge  will  instantly  pasi 
through  the  egg^^  and  in  a  darkened  room  exbibtt 
them  (uminous^  more  so;  than  if  held  to  a  candte 
in  the  common  way. 

Plate  5,  fig.  103,  represents  an  apparatus  fer 
setting  into  deflagration  by  electricity,  a  fine 
twisted  iron  wire,  placed  in  a  jar  of  def]^k>gisti- 
cated,  or  what  is  now  tenoned  oxygene  ah-,  A  b 
a  glass  jar  of  about  nine  inches  in  height  and 
three  inches  diameter;  B,  a  metallic  covet*  closely 
cemented  on  the  top;  C,  a  brass  ball  and  wire 
proceeding  through  the  top  to  the  i Aside;  D,  the 
iron  wire,  about  the  one-thirtieth  of  an  iiich  in 
diameter;  the  upper  extremity  of  which  goes  into 
a  ball  made  in  the  brass  piece,  and  to  which  any 
tiew  wire  may  be  readily  applied.  E  is  a  metal 
or  wooden  stand,  on  which  the  bottom  of  the 
glass  jar  is  placed,  after  the  jar  is  filled  with  the 
oxygene  air.*  F  is  a  brass  piece  raised  from  the 
bottom,  and  stands  about  one-quarter  of  an  inch 
from  the  lower  extremity  of  the  wire.  Now,  a 
chain  or  wire  laid  from  E  to  the  outside  of  a 
charged  electric  jar,  and  one  ball  of  the  jointed 

*  For  the  ready  and  best  method  of  making  this  air,  see  my 
edition  of  ^d<zin/s  Lectuises^  Vol.  i.  p.  511. 
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discharging  rod  laid  on  the  ball  C,  and  the  other 
tp  the  ball  of  tb?  ph^rged^  jar^  the  discharge  will 
instantly  take  place^  and  the  passage  of  the  ^uid 
^om  the  lower  extremity  of  the  wire,  D,  to  the 
piece  F,  will  set  fire  to  the  wire;  and,  being  ex- 
'  hibited  in  a  darkened  room,  will  burn  away  to 
the  top  with  a  beautiful  sunlike  figure  in  motion, 
giving  a  very  intense  and  brilliant  light,  till  the 
whole  wire  is  deflagrated,  and  throwing  off  a 
quantity  of  melted  particles  of  the  iron. 


Of  the  plate  electrical  machine.  About  40  years 
ago  the  ingenious  Dr.  Ingenhouz  constructed  and 
first  introduced  into  this  country  the  plate  electri* 
cal  machine,  the  excitation  of  which  was  produced 
by  friction  on  a  circular  glass  plate,  of  from  about 
nine  to  twelve  inches  in  diameter;  this  plate  turned 
vertically,  and  was  rubbed  by  four  cushions  placed 
at  the  opposite  ends  of  the  vertical  diameter.  The 
brass  conductor  had  two  horizontal  Jbranches  com- 
ing from  it,  reaching  to  within  about  one-half  of 
an  inch  of  the  extremity  of  the  glass,  so  that  each 
branch  takes  off  the  electricity  excited  by  the 
cushions. 

This  sort  of  machine  has  since  been  much  used 
on  the  continent,  and  but  very  rarely  here.  A 
large  and  very  powerful  plate  machine  has  been 
lately  constructed  by  Dr.  Van  Maruniy  for  the 
Museum  of  Teyler  at  Harlem,  as  well  as  others  of 
less  dimensions  in  this  country.     Dr.  Fan  Ma- 
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rums,  the  reader  will  sec  explained  by  Mr.  A7- 
cholson  in  his  Philosophical  Journal^  vol.  ii.  p.  83; 
from  whom  it  appears^  that  a  plate  machine  care* 
fully  and  well  constructed  is^  upon  the  comparison 
of  the  excited  surfaces,  at  least  equal  in  steady 
intensity,  and  superior  in  power  of  charging,  to 
any  cylinder  which  has  ever  been  made. 

The  Harlem  machine  consists  pf  two  circular 
glass  plates,  each  65  inches  in  diameter,  at  seven 
inches  and  an  half  apart,  fixed  parallel  to  each 
other,  and  rubbed  by  four  cushions  to  each  plate. 
In  the  Journal,  Mr.  Nicholson  has  described  the 
3imple  and  powerful  plate  machine  invented  by 
Dr.  Fan  Marumy  the  plate  of  which  is  3 1  inches 
in  diameter,  and  produced  a  yery  considerable 
intensity  of  power. 

There  were  some  practical  difficulties  formerly 
found  in  the  construction  of  these  plate  machines, 
that  are  now  removed;  and  I  conceive  but  one 
objection  that  can  be  made  by  persons  who  only 
procure  them  for  the  common  purposes  of  instrucr 
tion  and  entertainment;  that  is,  that  the  glass 
plates,  unless  managed  with  the  most  particular 
attention  in  the  adjustment  of  the  rubbers,  &c. 
while  in  action,  are  liable  to  be  cracked,  flyin|[ 
from  the  center  towards  the  circumference. 

FINIS. 
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Air,  to  charge  a  plate  of,  22,  351,  Experiments  therewith, 
352  to  35(5. 

Air  balloons,  probably  useful  in  electrical  experiments,  41 9. 

Air,  inflammable f  203.  To  fire,  20/.  Apparatus  for  making, 
205.  To  exhibit  in  luminous  figures,  206.  The  firing  of 
contrived  by  Mr.  Cavallo  as  a  quick  means  of  intelligence, 
264. 

Amalgam,  how  to  apply,  67.    Of  what  made,  70,  84. 
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riments on  frogs,  561.  The  usual  preparation  of  the  frog, 
566.     Effects  on,  by  metallic  substances,  56q, 

Apparatus,  electrical,  a  list  of,  139.  Pocket  electrical,  a  de- 
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Attraction,  experiments  on,  10  to  12,  155.  Properties  of  illus- 
trated, 167.  Of  silk  ribbons,  182.  By  feathers,  155. 
By  balls,  156.  By  thread,  157.  Threads  and  brass  hoop, 
ib.  Paper  images,  158.  Leaf  gold  and  silver,  16O:  Ex- 
periments on  in  vacuo,  181. 

Attraction  and  repulsiofi  not  accounted  for,  177.  New  theory  of, 
180. 

Aurora  borealis,  to  imitate  by  the  exhausted  flask,  297.  Electri- 
city the  true  cause  of,  417- 
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Ball  and  ring  experiment,  l62;  and  point,  experiments  on,  I91, 

32-i,  325. 
Balls  of  pith,  experiments  with,  9,  10,  169  to  175.     And  glass 

tumbler,  \64, 
Barometer,  double,  experiment  with,  299. 
Battery,  electrical,  description  of,  27O.     Various  experiments 

with  it,  272  to  287.     Wire  melted  by  it,  272.     Quire  of 
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paper  perforated,  ii.  Needle  made  magnetic,  373.  Its 
polarity  destroyed  and  inverted,  ih.  Discharged  through  a 
chain,  276*  Gold  leaf  melted,  i3.  Glass  broken,  277. 
'  Wood  torn  in  pieces,  278.  Weights  raisol,  iB.  Latexa! 
explosion,  ib.  Dischaiged  through  various  dicnits,  279. 
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MnBut,  description  of  his  fold-leaf  electrometer,  401.     Ni- 
(Olson's  improvement  on,  574. 
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Board,  pendulous  and  coated,  experiments  with,  329. 

JBai^x,  electrical,  214. 

Salmon  stone,  how  made,  579. 

Boitle  £r$etoe,  description  of,  497- 

Bohle  eftuater,  to  make  luminous,  193. 

Bran,  experiment  with,  355. 

Brookes  eleetrometer,  412.    As  constnicted  by  Mcu|pn,  577. 

Buddings,  conductors  for  defending  them,  321.     Whether  sharp 
or  blunt  terminated  ones  defend  buildings  the  best,  337. 


Candle,  the  flame  of,  experiment  with,  21 1.  Discharge  thxxmgh 
,  several,  356. 

Cannon,  electrical,  206. 

Cantons pbosj»horiis,cM\)\ijK>no{f  1 99.     How  to  make,  579- 

CapiUofy  tubes,  experiment  with,  289. 

Cavdllo,  his  inflammable-air  pistol  recommended,  207-  His 
aelf-electrifying  Leyden  phul,  26l.  His  bottle  electrome- 
ter, 391.  His  experiments,  ftc.  on  atmospherical  electri- 
city, 430.  His  atmospherical  electrometer,  432.  His 
electrometer  for  rain,  578.  His  pocket  jar,  to  hold  a 
charge,  374.  His  condenser,  388*  His  electrical  appear- 
ances in  vacuo,  301.  His  accbunt  of  the  discoveries  in 
animal  electricity,  56l  to  574. 

Ceca,  on  atmospherical  electricity,  422. 

Cbain,  experiments  with,  195,  302. 

Cbair,  insulated,  for  medical  purposes,  494. 

Circuits  y  various,  279,  280,  281. 

Cieud,  Franklin's  electrical,  328. 

Cobesien,  electric,  shewn  by  stockings,  1S5. 
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CtlOecting  fctnUy  to  the  conductor,  6^. 

Omdenier,  ekctrical,  hj  Mr.  Volta,  dS%.    Ezperitnciitt  xnth^ 

3^  to  389- 

CMduOor,  or  non-eWctrics,  what,  36.  A  catalogue  of,  '3S. 
'  Changeable  from  circunTs*^ances,  43.  Positive,  prime,  and 
its  application,  58.  •  Positive  and  negative,  vety  necetsaiy^ 
ib.  Luminous,  246.  The  preparation  of  a  long  one,  266« 
Is  not  a  perfect  vacnum,  314.  For  buildings,  and  their 
influence,  321.  The  preference  to  pointed  or  blunt  ter- 
minated ones  disputed,  322.  Dr.  Mu8grave*s  observations 
on  pointed,  334.    Observations  on  the  action  of,  341 . 

Configurations^  produced  by  electricity,  360.  On  Lichtenbuig's 
electropborus  by  Bennet,  363. 

Cepfer  plates  and  stand,  fbr  dancing  images,  158. 

Cotton,  locks  o^  electrified,  328. 

Crane,  electric,  213. 

Cushion,  Jones's  improvement  in  the  constmctton  of^  66.  On 
the  effects  of  insnlatinff  it,  95. 

Cylinder,  different  modes  of  turning,  56.  Diiecticnt  for  keqi- 
ing  clean*  64.    When  in  good  oider,  68. 


Dancing  images,  158. 

Direction  of  the  passage  of  the  electric  fluid,  243.     Shewn  by 

the  discharge  of  a  jar,  247. 
Directors,  for  medical  purposes,  60, 4g5. 
Discharger,  common,  jointed)  and  luminous,  described,   135. 

Universal,  140. 
Douhler,  description  of  Mr.  Bennetts,  or  Mr.  Nicholson's,  407* 


Earthquake,  electrical,  283. 

picctrtcal  'Machine;  see  Machine,  Apparatus}  or  their  respective 
names. 

Electricity,  general  principles  of,  and  introductory  experiments 
on,  J.  to  29.  Definition  of,  34.  By  what  means  excited^ 
35.  Two  opposite  and  distinct  powers  of  positive  and 
negative,  37,  38.  Is  real  matter,  48.  Analogy  between 
It  and  fire,  49,  50.  To  excite  a  large  quantity  of  the  fluid 
of,  65.  Experiments  on  the  excitation  of»  by  Mr.  Nichol* 
son,  71*  Its  source  from  the  earth  proved,  Q4,  gy,  p6« 
Experiments  that  apparently  militate  i^iost  the  received 
tbeoty  of,  250.     Recommciided  by  Mr.  Cavallo  to  be  com- 
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bined  with  inflammable  air,  as  a  quick  means  of  intdn<v 
gcnoe^  064,  Of  the  difiusions  and  subdivisions  of  fluids  by, 
268  to  293.  Augments  the  evaporation  of  fluids,  288.  Of 
different  elastic  fluids,  from  observations  and  experiments  by 
Dr.  Priestley,  461.  By  Mr.  Cavendish,  469.  Atmosphe- 
rical, 415.  Diurnal  atmospherical,  425.  Produced  by 
evening  dew,  427*  Cavallo's  atmospherical  observations 
and  experiments  on,  430.  Atmospherical  observations  on, 
by  De  Saussure,  441.     Bennetts  observations  on,  479* 

Electnc,  bodies,  43.  Substances,  a  catalogue  of,  44.  Fluid 
raises  the  thermometer,  53.  Plate,  176.  Fire  connected 
with  the  human  frame,  488. 

El^fiirics,  or  non-conductors,  what,  36.  And  conductors  under 
some  drcumstances  changeable,  48.  £xperiments  on  the 
two  powers  of,  169. 

BJectromeUr,  properties  of,  39O.  Quadrant,  described,  142; 
and  application  of,  431.  Townsend*s,  574.  Rain,  578. 
Cavallos  atmospherical,  39I,  432.  Saussure*s,  393.  Ben- 
net's,  401 .  Experiments  to  shew  the  sensibility  of  Bennets, 
402  to  407.  Nicholson's  improvement  on  Bennetts,  574. 
Brooke's,  412.     Morgan's,  576, 

EtictTOpbortu,  description  of,  357.  Experiments  on,  358  to  362. 
A  large  one  by  Mr.  Lichtenburg,  and  Mr.  Bennet's  expe- 
riments thereon,  363  to  367. 

Exc'Uaiwn,  what,  2.  Experiments  on,  6,  34.  Of  the  electrir 
cal  machine,  65. 

Explosion,  lateral,  278.     Course  of,  279. 


Feathers^  experiments  with,  155. 

fingir  rendered  luminous,  \Cfl. 

Fire  and  the  action  of  electricity,  the  analog}*  between,  49. 

Ftrhig  spirits  of  wine,  201,  202.     Gunpowder,  151.    Air  pis-* 

tol,  204. 
¥hb,  electric,  161. 
Flannel,  experiment  with,  362. 
Fluids,  diffusion  and  subdivision  of,  288.     Colour  of,  changed, 

461.     How  applied  to  medical  purposes,  498  to  505. 
Ffyir,  Electric,  212.    Compound,  213.    On  Leyden  jar,  241. 
Fiying feather,  l64. 
Fogs,  electrical,  440. 
For^i,  electrical,  495. 
Fountains,  electrical,  293. 
Franklin,  Dr.  his  hypothesis,  100.     Objections  to  his  theory  of 

attraction,  101 .     Ditto  of  the  Leydcn  jar,  250.     Doctrine 
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of  points,  209.     Discovery  of  the  identity  of  electricity  to  , 
/       lightnings  321. 

G 

Glass,  tube,  for  excitation  of  electricity,  2.  Property  of,  34. 
Its  insulation  advantageous  in  exhibiting  the  electric  light, 
&-€.  47.  Cylinder  should  be  wiped  clean  before  use,  64. 
said  to  be  impermeable  by  the  electric  fluid,  102.  Dis- 
proved, ib.  May  be  equsuly  electrified  on  both  sides  by 
the  two  electric  powers,  1 16,  But  is  not  impervious  to 
them,  ib.  Various  experiments  on,  in  refutation  of  Dr. 
'Franklin's  theory.  1 16  to  125.  Experiment  with,  to  shew 
attraction,  I5g.  Revolving  balls,  1^.  Permeable,  254, 
Tube,  how  u>  charge,  26l.  £xcited  pane  of,  241.  Charge 
of,  resides  in  the  ^ass,  and  not  in  its  coating,  236.  To 
«tain,  276.  To  break  thick  pieces  of,  ih.  Tube  filled 
with  quicksilver,  an  experiment  with,  282.  Ditto  with 
water,  283. 

<A7W-/^tf/*melted^between  strips  of  glass,  277. 

Giinpoiudery  fired  by  a  jar  or  battery,  151. 

Gymtwtus  ekctricus^  436,  55g, 

H 

Halt,  accompanied  by  electricity,  417* 

Hair,  gives  positive  and  negative  electricity,  46.     Its  electricity 

shewn  by  coihbing  a  lady*s  hair,  488.  ' 

Jlauhbecy  his  experiments  on  electric  light,  1 92. 
Heat,  certain  degrees  of  change  conductors  to  electrics,  44.     Its 

action  on  bodies  analogous  to  electricity,  49'     £xcite8  elec* 

tricity,  52. 
Heating  or  cooling  certain  substances  produces  electricity,  35. 
Hygrometer,  useful  in  electrical  observations,  420. 
Hypothesis,  by  Franklin,  90,  100.     Objections  to,  101  to  106. 

£eles*s,  &c.  107.   Eeles's  preferable  to  the  Frankllnian,  115. 


Ice,  can  be  excited,  44.     Cooled  to  a  certain  degree,   is  a  non- 
conductor, 43. 
Images,  of  paper,  experiments  with,  159- 
Imfermeabiiity  oi  glass,  102.     Questioned  and  disproved,  103. 
Ir^ammable  air — See  Air,     Lamp^  by  Mr.  Volta,  151. 
Insulated  stool,  138. 
Insulation,  what,  4,  36. 
Ivory  hall,  rendered  himinous,  ipi. 
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Kimersley,  his  electrical  air  thermometer^  141. 
KiU^  electrical^  Mr.  Cavallo's  experiments  with,  430. 


Laitsral  explpshv,  276.     Course  of,  27^, 

Lcydem  vaoduwi,  2-iG. 

Lijfdcn  phial t  or  jar,  to  diarge  and  discharge,  223.  To  give  thr 
shock  hnf,  t^.  Effects  c£  the  shock  by,  224.  Ejects  of 
the  coating  of,  225.  Spontaneous  discharge  ci,  ib.  Re- 
siduum oC  226.  To  svoid  the  shock,  ih.  Dr.  Franklin  3 
theory  of,  227.  Considered  in  a  different  point  of  riew, 
229.  That  dieory  modified  and  explained  by  the  com- 
bined apparatus,  232.  Cannot  be  dischai^ed  when  tnsu- 
latcd,  233.  Chained  by  adding  electricity  on  one  side, 
and  subducting  from  the  other,  233.  Throws  off  as  much 
from  the  outside  as  it  receives  on  the  inside,  234.  Charged 
with  its  own  fluid,  ih.  Two  charged  posttiTdy,  234. 
One  negatively,  and  the  other  positively,  235.  Further 
experiments  with,  ib.  With  moveable  coatings,  ib.  Dou- 
ble, 237.  Variations  by,  238.  Contrary  states  of  dud- 
dated,  240  to  245.  Analogies  of,  246.  Direction  c/ the 
dectric  matter  shewn  by  the  discharm,  247 •'  ^^»  on  the 
Franklinian  explanation  of,  255.  For  the  pocket,  259. 
Ditto,  and  to  hold  the  charge,  432.  llie  sdf-charging  one, 
261.  To  prevent  the  breaking  of,  271.  Cracked  one 
made  to  hold  a  charge,  27 1. 

Ugbi,  dectric,  experiments  on,  1 87  to  1Q6.  Phosphoric,  199. 
According  to  the  quality  of  the  electricity  differently 
shaped,  209; .  ^^  which  does  not  determine  the  direction  of 
the  electric  fluid,  212.  Nicholsons  experiments  on,  210. 
His  beautiful  experiment  on  paper,  to  shew  the  visible 
passage  of  electricity,  222.  Shewn  by  the  Leydcn  jar, 
223,  248.     In  vacuo,  294,  297,  to  314. 

Ligbtning,  its  analogy  with  electricity,  and  identity  with  the 
electric  fluid,  discovered  by  Franklin,  321.  Conductors  to 
defend  from,  flrst  suggested  by  him,  ih.  Zig-zag,  and  that, 
assuming  the  form  of  balls  the  most  dangerous,  346. 
Accidental  eflects  of,  accounted  for,  348.  Makes  deep 
holes  in  the  earth,  350. 

Luminous  conductor,  experiment  with,  24().  Ball,  I9I.  Woxd, 
194*     Discharger,  I95. 
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Machine^  electrica!,  dascribed^  2,  56.  -Medical,  ^S.  Dinections 
for  keeping  it  in  oxxler^  63,  Method  of  using,  133.  Cir« 
cular  glass  pltcte,  583. 

Alagic  picture,  description  and  use  c€,  227* 

Medical  electrtcify,  2A,  483.  i 

Metals y  and  ores,  their  condiM;ting  power,  41.  Melted  bf 
electricity,  275.  Uteir  use  in  animal  electricity,  5/dS, 
Two  are  necessary  for  experiments  on  animal  electricity,  ibm 

Mercury f  displosion  of,  282. 

Mouse  killed,  491.     Curibus  phenomenon  observed  with  one^ 

N 

Needles,  made  magnetic  by  an  electric  charge,  2/2.  Their  po- 
larity destroyed  or  inverted  by  ditto,  273. 

Negative  electricity,  what,  7,  ^7.  Negative  and  positive  illus- 
trated,  8,  38.  Called  vitreous  and  resinoo?,  93.  Of  bo« 
dies,  180. 

Xcrpe,  animals  action  on,  56 1  to  565. 

Non-conductors  y  what,  4,  36. 

Nmnlectrics ,  what,  4,  35. 

O 

Oil,  Vilette's  experiment  with,  197-  ^^  vitriol  for  making  in- 
Hamraable  air,  203.     An  experiment  with,  213. 


Pad,  electrical,  29O. 

/V/^r,  quire  of,  perforated  by  electricity,  273.     Imigei, 
rimentwtth,  159. 

Pencil,  xix  brush,  of  electric  light,  2O9. 

Permeability  of  glass,  253- 

Pbosphoric  experiments,  198. 

Phosphorus,  Canton's,  to  make,  579.  . 

Picture,  magic,  227- 

Pistol,  for  imilammable  air,  204.     Experiments  with,  208. 

Points,  electrified,  produces  a  spark,  195.  Dissipation  of  by, 
209.  Lucid  star  and  point  by,  ib.  6iv^  a  stream,  210. 
Lucid  cone,  211.  Gives  a  spark  when  in  oil,  213.  £n* 
tertaining  experiments  by  means  of,  214.  Wooden,  ef* 
jfects  of,  215.    Nicholson,  on  their  action,  2l6.     £&ct 
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on  diverging  hair,  328.    On  the  influence  of,  bj  Hentn-^ 

325. 
Pointed  conductors  to  buildings,  observations  on,  32-1.    Their 

influence,    335.      Preference  to  blunt  ones^  questioned, 

321 »  339. 
Powder-bouse,  description  oi,  150.     Experiment  with^  th. 
Press,  useful  ifirith  the  imiv6rsal  discharger,  276. 
Priestley,  his  observations  and  experiqients  on  the  effects  of  elee^ 

tricit^  on  diiferent  elastic  fluids,  46l  to  AQQ^ 
Prismatic  circleSy  or  rings,  formed^  286. 
Pyramid,  151. 

a 

Quadrant  electrometer  described,  \4'j. 
Quicksilver,  di^plosion  of,  282. 


Rain,  giveis  positive  electricity,  422.     Electrometer^  57b. 
Mefulswn,  experiments  on,  155  to  \65, 

Rzbbons,  silk,  experiments  on  the  attraction  and  repulsion  of,  18'J 
Ronavne,  his  experiments  on  atmospherical  electricity,  429. 
Rubber,  ^j^hat,  34.    Jones's  improvement  in  the  construction  of. 
66.    How  prepared  for  use,  67. 


SeaTing'^Lvax,  an  electric,  5.  Experiment  with,  (5,  37,  45, 17»^ 
292. 

Stock,  electrical^  what,  224.  Its  effects  on  the  muscles,  ih. 
Through  the  flame  of  a  wax  taper,  248.  Through  a 
card,  ib. 

Sdurus  ilectricus,  its  properties,  55g. 

Sfark,  electric,  187*  Direction  of,  ib.  l^he  cause  of  it^  sound 
and  zig-zag  form,  188.  How  modified,  I89.  Various 
colours  of,  I  pi,  193.  Exhibits  a  beautiful  spiral,  word, 
&c.  194.  Taken  by  a  point,  195.  Revohring,  a  beauti- 
ful illumination  of,  196.  Perforates  a  glass  tube,  197. 
Fires  spirit  of  wine,  201,    Zig-zag,  from  a  drop  of  water, 

^bere  of  influenoc  and  communication,  1 70. 
Spider^  electrical,  artificial,  animated,  240. 
Spkal  tube,  I94. 
Sfirit  of  wine  fired,  201. 


Sfonge,  electrified,  29O. 

i^^/a/,  or  diamond  jar>  235. 

iS^lin^jy  silk,  experiments  with,  185. 

5a»/,  insulated,  138,494. 

Siring,  best  method  of  making  for  an  electrical  kite,  4301 

iSa^a»>  electric^  214. 


Thermometer,  action  of  electric  Ruid  on,  53.    Electrical  air,  141; 

Thread,  animated,  157 , 

Thunder  house,  experiments  vnth,  324. 

Torpedo,  electricity  of,  487,  ^^9> 

Tourmalin  stone,  electric  properties  of,  53. 

Tuhe,  spiral^  194.    Experiments  with  several^  196. 

Tv^K^Zisr,  j'/o;;,  experiment  with,  l64. 


l^acuOy  electric  light  in,  experiments  on,  2^4  to  301.  The  non- 
conducting pqwer  of  a  perfect  one  shewn  by  Mr.  Morgan^ 
312,  313. 

Vafour,  a  oondoctor  of  electricity,  42.  . 

Fegetation  hastened  by  electricity,  485. 

ySocity  of  the  electric  fluid  reiy  great,  264. 

rihraSoiy  motion  of  the  electric  fluid,  176,  180, 285. 

Vitreous  and  resinous  electricity,  93. 

Vitriolic  add,  or  oil  of,  experiments  with,  213. 

w       ^ 

WateTj  a  conductor  of  electricity,  42.  A  bottle  of,  made  lumi* 
nous,  193.  Dispersion  of,  from  the  charge  of  a  battery, 
283.  Agitated  by  a  discharge  of  ditto,  284.  Odd  vibra- 
tion from  a  discharge  of  ditto  over  boards  supporting  water, 
283.  Has  conducted  the  electric  charge  or  spark  through 
several  miles,  286.  Electrical  stream  of,  2g0.  Conical 
drop  (^,291.     Exploded,  i^.     Ztg-za^  sparks  from,  292. 

Watenfouts,  the  effects  of  torrents  of  electnc  matter,  41 7. 

Wax,  an  electric  substance,  43.  Sealing,  a  remarkable  experi- 
ment with,  292.     Taper,  experiment  with,  249. 

Weights,  to  raise  by  electricity,  278. ' 

IVhtrlwinds  the  effects  of  torrents  of  electric  matter,  417* 
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Wilson,  hb  expenments  on  the  permeabiK^  of  glasB,  ^3.    Hm 

experiments  on  pointed  and  maad  termijuted  oonducton^ 

339.    On  phosphoruf ,  200. 
IFire,  made  red-hot,  272.     Melted,  274,  275.     Lengthened, 

285«    The  exploMon  of  steely  tW  best  method  of  measanng 

electricity,  285. 
Word,  lunumus,  19^. 
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Page   SO,  lii^s  20  aad  24,  fir  Arehafd  retd  AchanL 

17s,  •—    8,y0rfig>.  SttfVAf  fig.23. 

202,  —    4,  for  fig.  35  read  fig.  33. 

281,  —  19,  after  same  time  add  fig.  67. 

290,  —    2,  ^  phial  nwJ  pail. 

357.  ~    3, /or  fie.  73  W  fig.  74* 

431.  — •  ll,^Nr«irfIV. 

475,  *-.  10,  Jhr  fig.  9  «tfi  fig.  J7« 
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